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EXECUTIVE SUMMARY 

Steps are described for converting the Navy's Mobile Utilities System Equipment 
(MUSE) diesel generators to dual fuel (natural gas plus diesel fuel) operation to reduce their NOx 
(nitrogen oxide) emissions. The Navy maintains a fleet of 60 such units, powered by EMD 645 
engines, that range in size from 1500 kW to 2,500 kW. As the current MUSE diesel units meet 
few existing local NOx emission regulations, newer more-restrictive regulations (a trend now 
ensured with the proposed further tightening of the National Ambient Air Quality Standards) 
will ensure that the areas accessible to MUSE diesel generators will continue to decrease. 
Therefore a means for providing low-NOx MUSE generators that will not compromise the 
operational capability of the fleet is required. 

This guide is based upon the experience gained from converting to dual fuel operation a 1500 
kW MUSE unit that is now installed and operating at the King's Bay Naval Station in Georgia. 
Information on the conversion process, operation, maintenance and the cost of the dual fuel 
conversion are provided. 

NOx emission reductions of 70 percent were demonstrated with this unit; NOx reductions of 
greater than 90. per cent are achievable using an additional secondary ignition cell. Capital 
requirements for the retro-fit dual fuel conversion of a 2500 kW MUSE engine generator are 
shown to be $158. per kilowatt (including the secondary ignition cells). This is compared to the 
cost of replacing this same MUSE unit with a new spark-ignited, low-NOx, natural gas engine. 
The cost for the latter is $560. per kilowat. For a 2500 kW MUSE unit, these numbers translate 
into a capital savings of over $1.0 million if the option of retro-fitting for dual fuel operation is 
chosen. Operating costs for dual fuel (natural gas) operation of MUSE generating sets are also 
substantially reduced over that of unmodified diesel operation. For the case evaluated, the cost 
for natural gas firing is 4.1 cents per kW-hr while that for diesel firing is 8.9 cents kW-hr. 

A further major operational (strategic) advantage of the retro-fit dual fuel unit over that of a 
new, spark-ignited, natural gas engine is that it can be made to operate as either a full diesel or a 
full natural gas unit. 
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1.0 INTRODUCTION 

This user data package describes steps in the conversion of the Navy's Mobile Utilities 
System Equipment (MUSE) transportable diesel generator sets from diesel to dual fuel (natural 
gas plus diesel fuel) operation. These diesel generator sets are part of a fleet of 60 such units 
maintained by the Navy's MUSE detachment for deployment to Navy, other military, and 
sometimes civilian uses throughout the world (Ref 1-1). The units range in size from 750 to 
2,500 kW and are powered, largely, by EMD 645 engines manufactured by the ElectroMotive 
Division of the General Motors Corporation. The engines are medium-speed (750 or 900 RPM), 
have 8 to 20 cylinders with cylinder displacements of 645 cubic inches, and use a 2-stroke 
operational cycle. This guide is based on the experience gained from converting to dual fuel 
operation a 1,500-kW MUSE unit that is now installed and operating at the King's Bay Naval 
Station in Georgia (Fig. 1-1). The technology used for this conversion was provided by ECI Inc., 
Tacoma, Washington. MUSE personnel, assisted by ECI technicians, installed the required 
engine modification hardware and the electrical and engine skid modifications. 

1.1 Environmental Compliance and Navy Need 

Of the Navy's many diesel engines, those installed in its MUSE generating equipment for 
temporary (<4 years) stationary electrical power were the first off-road Navy engines to be 
affected by environmentally-mandated nitrogen oxide (NOx) emission regulations. As MUSE 
units are transportable but are typically employed at a given site for periods exceeding that 
normally used to define 'temporary power' (temporary power is often defined as service not 
exceeding one year), they must comply with air pollution regulations that apply to stationary 
power generating equipment. But regulatory emission standards for stationary power units are 
highly variable as they both depend upon the degree of nonattainment in the surrounding air 
control region and upon the air control district in which the region is located. Therefore MUSE 
units must have a capability for meeting these variable standards as the units are moved from one 
location to another. Such regulations can vary from none to those applicable in the South Coast 
Air Quality Management District (SCAQMD) of California, where emission limits are < 1.0 
gram/horsepower-hour (gm/HpH). As NOx emissions from current MUSE units range anywhere 
from 12 to 16 gm/HpH, attempts to operate them in areas in which they do not comply with 
emission regulations could result in the imposition of heavy fines and as well as ordered shut- 
down by civilian authorities.   Therefore a means for reducing NOx emissions from them is 
required. 

The following factors and criteria were determined to be important in evaluating 
approaches for reducing NOx emissions from MUSE diesel generator sets: (a) most MUSE 
engine generator units are driven by an EMD 645 engine, (b) when burning diesel fuel, these 
EMD engines do not meet the emission requirements in many areas of the country where the 
Navy operates, (c) although transportable, MUSE units must comply with emission regulations 
that apply to stationary devices because of their extended time on site, (d)the required 
transportability of the MUSE units limits the types of NOx emission control technology that can 
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be used with them, (e) the large number of MUSE units in inventory and the cost of then- 
replacement requires that a retrofit rather than a replacement technology be acquired for reducing 
NOx emissions, (f) a capability for firing diesel fuel must be maintained to meet the Navy's 
operational commitments, (g) full generator power capability must be maintained, (h) reliability 
equal to or better than that for the diesel-only configuration is needed, (i) the technology selected 
must be within the technical expertise of MUSE and onsite personnel who will be required to 
operate and maintain the modified units, and (j) operational costs must not escalate appreciably 
beyond those incurred when the MUSE unit is operating as a diesel-only engine. 

1.2 Selection of NOx Control Technology 

Two general approaches can be used for reducing NOx emissions from diesel engines: 
(a) modification of the engine combustion process so that fewer NOx species (nitric oxide, NO, 
and nitrogen dioxide, N02) are generated, and/or (b) treatment of the exhaust gases to destroy the 
NOx species generated to prevent their emission into the atmosphere. Of the many variations of 
these approaches that have been investigated, two were considered for application to MUSE 
diesel generator sets: (a) conversion of the engine to dual fuel operation, and (b) the use of 
selective catalytic reduction (SCR) for treatment of the engine exhaust stream. Although SCR 
offers the advantage of bringing the MUSE engine generators into immediate full compliance 
with the most restrictive of NOx emission regulations, its application would add significant cost, 
complexity, and size (requiring that an additional module be transported) to the transportable 
MUSE engine generator set, and would also introduce ammonia (NH3, a hazardous chemical) at 
the operating site. NH3, which is used as the chemical reductant for NOx, is not only a hazardous 
chemical, but, itself, presents a threat to the environment. Therefore the SCR process using NH3 
as the reductant was not considered to be a practical solution for reducing NOx emissions from 
MUSE diesel generator sets. 

The recommended application of dual-fuel technology (or alternative fuel) is based upon 
a retrofit conversion kit designed, specifically, for the EMD 645 engine by Energy Conversions, 
Incorporated, Tacoma, WA. The performance, reliability, and emissions reduction of that 
conversion technology have been demonstrated in a single application on two tandem 
locomotives used for coal line-haul operations on the Burlington and Northern Railway between 
Montana and Wisconsin (Ref 1-2). Liquefied natural gas (LNG) from a separate LNG fuel car 
was used to fuel the tandem locomotives, and NOx reductions of nearly 70 percent (to 4.0 from 
the 12.0 gms./Hph produced when burning diesel fuel) were achieved. Because of these 
demonstrated results, because no other competing technology could make similar claims with the 
EMD 645 engine, and because this technology satisfied the criteria for selection of a MUSE NOx 

reduction technology (discussed above), it was selected for installation and testing on a 1,500 kW 
MUSE diesel generator set. 

1.3 Installation and Testing of Prototype Dual Fuel MUSE Diesel Generator 

The retrofit, dual fuel conversion was completed in July 1995 at the Construction 
Battalion Center in Port Hueneme, California. Although previously tested in a locomotive 
application, it had not been used for stationary power. And although the application to stationary 
power is, in ways, not as complex as that for locomotives, it is different and presents other 
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significant challenges. To meet these new challenges, to accommodate the use of natural gas 
within the MUSE unit, and to provide a capability for the remote operation of the engine 
generator unit, a new automated control system was designed and installed along with the dual- 
fuel conversion. Operational checkout tests of the modified unit provided the emissions data that 
are summarized in Table 1-1. The tests also showed: (a) that the unit could be started, 
electrically synchronized with a grid, stopped, and otherwise controlled remotely, (b) that full 
engine generator set power could be produced, and (c) that NOx emissions could be reduced by 
65 percent, the approximate level anticipated by the dual fuel conversion. The modified unit was 
then transported to SUBASE King's Bay Georgia where it is now undergoing field testing. 
Further engine efficiency, fuel usage, power, and emissions data will be obtained during the field 
test period along with maintenance and other operational and control data. 

1.4 Organization of the Guide 

This guide contains the information necessary for installing, operating, and maintaining 
the dual fuel conversion hardware supplied by ECI Inc., Tacoma WA, when used on MUSE 
diesel generator units that utilize the EMD 645 engine. Section 2 reviews some of the factors 
involved in NOx production in 2-stroke diesel engines and some of the efforts that have been 
undertaken previously to minimize those emissions. Suggestions are included for making further 
important reductions in NOx emissions from the EMD 645 engines. Section 3 describes the 
fundamental elements of the ECI dual fuel conversion kit, and Section 4 provides detailed 
descriptions and installation instructions for the conversion sub-systems, as defined for this new 
application. Section 5 describes operational procedures of the converted unit and Section 6 
discusses field site installation, maintenance, and training requirements. Section 7 provides 
capital and operating costs for the retrofit, dual-fuel MUSE diesel generator. 

1-3 



(a) Side view of switchgear, interconnecting cable housing, and engine house. 

IM*fc*fci&i 

(b) End view showing natural gas supply line. 

Figure 1-1. MUSE 1,500 kW dual-fuel engine generating set at SUBASE, King's Bay, Georgia. 
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Table 1-1. Comparison of Measured Emissions Before and After Dual-Fuel Conversion 

Engine Emissions 

Fuel 
Power 
(hp) 

NOx 
(grams/hph) 

CO 
(grams/hph) 

Particulates 
(grams/hph 

Before 
Conversion 

Diesel 2,119 10.5 0.25 0.35 

After 
Conversion 

Dual Fuel 2,119 2.40 9.2 0.211 
Dual Fuel 2,402 3.42 11.4 — 
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2.0 NOx REDUCTION FOR LARGE, TWO-STROKE DIESEL ENGINES 

Of the many combustion devices having large commercial usage, diesel engines have 
provided the greatest technical challenges to achieving significant NOx reductions. Two general 
approaches can be used to reduce NOx emissions from them: (a) modification of the engine 
combustion process so that fewer NOx species (nitric oxide, NO, and nitrogen dioxide, N02) are 
generated, and/or (b) treatment of the exhaust gases to destroy the NOx species generated and to 
prevent their emission into the atmosphere. As diesel engines are lean-burn (stoichiometrically, 
fuel lean), the catalytic reactors used by spark-ignited gasoline engines to reduce NOx and 
hydrocarbon emissions and which require near-stoichiometric combustion, are not effective for 
reducing the concentrations of the same pollutant species from diesel exhausts. Further, diesel 
engines operate at higher compression ratios than gasoline engines and combustion in them 
proceeds according to a complex, heterogeneous diffusion process as opposed to the simpler, 
easier-to-control, homogeneous flame propogation that characterizes gasoline engine combustion 
(see Fig. 2-1). The higher compression ratio of the diesel engine leads to its greater efficiency 
and the diffusion-controlled combustion is what permits its operation at higher pressures without 
the occurrence of destructive knocking. However, both of these factors lead to higher 
combustion temperatures and increased NOx production in the diesel engine. 

Most of the work for reducing NOx emissions from diesel engines has been with smaller 
sized engines. Little research has been carried out on engines as large as the EMD 645. And as 
the complexity of combustion increases and one's ability to control those processes decreases 
with engine size, progress in NOx emissions reduction from larger engines has been comparably 
slow. However, as characterization of the fundamental processes in diesel engines improves, the 
results for controlling NOx emissions from both large and small engines may improve. The 
Navy's Office of Naval Research (ONR) is sponsoring fundamental research (see Refs 2-1, 2-2, 
and 2-3) on the control of NOx emissions from the larger engines used for boat and ship 
operations. Those results could also find an application with MUSE engines. However, the 
practical application of that research, if successful, is several years in the future. A further 
complication with the EMD 645 engines is that they are 2-stroke engines. This reduces the 
number of engine parameters available for controlling or altering the internal engine processes 
for the purpose of NOx reduction. Further, most work on NOx reduction from diesel engines has 
been on those of the 4-stroke design. Therefore, the quantity of engine research to draw on for 
reducing NOx emissions from the EMD 645 engine is limited. 

2.1 Exhaust Gas Treatment 

Exhaust gas treatment provides one option for significantly reducing NOx emissions from 
diesel engines, although the additional equipment and chemicals required for its implementation 
works against its application on MUSE units. Two such approaches are available commercially; 
others are being developed. Those available commercially use a chemical reductant either with 
catalysts (selective catalytic reduction (SCR)), or without catalysts (selective non-catalytic 
reduction (SNCR)).  The reductants used are usually ammonia or a related compound such as 
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urea. Other than the identification of a useful chemical additive, the development of an 
appropriate catalyst is the major technical problem in the development of a useful SCR approach. 
Although SNCR requires no catalyst, other chemical routes and temperatures for the destruction 
of NOx must be used. The general features and flow paths of the two approaches are contrasted 
in Figure 2-1. 

Ammonia has been the chemical most used for NOx reduction, but recent years have 
seen development of the use of related chemicals (e.g., urea and cyanuric acid). Ammonia and 
urea have both been used in SNCR and SCR processes, but the temperature window of their 
application for SNCR is too high to be useful with diesel exhausts. The use of urea in SCR 
processes is a rather recent development and offers significant advantages over that of ammonia. 
SCR (urea) provides at least the NOx reduction that SCR (NH3) provides (both >90 percent), but 
without the burden of being either a hazardous chemical or an environmental threat. The use of 
SCR (urea) was developed in Europe and is currently available only from European suppliers. 
Cyanuric acid has been used for SNCR (non-catalytic) processes. Its major claim is that it is 
more effective than either ammonia or urea at the lower temperatures characteristic of diesel 

exhausts. 

2.2 NOx Reduction From EMD 645 Dual-Fuel Engines 

Several efforts have been undertaken to use natural gas with 2-stroke diesel engines. 
Those of interest to the MUSE engine generator program are summarized in Table 2-1. The first 
line provides operating data from current MUSE EMD 645 diesel engines as a baseline for 
comparison. The remaining cases are for engines from the same locomotive-type engine series 
(the EMD's 567, 645, and 710, cylinder displacement in cubic inches) and the Detroit Diesel 92 
(a truck-sized engine). Fuel type is either dual fuel (DF) or natural gas (NG), and charging of the 
engine cylinders with natural gas is described as either early or late in the compression stroke. 
For early injection (El), a low injection pressure (100 to 300 psi) can be used. Air flow and 
mixing patterns within the cylinder then produce a nearly homogeneous fuel/air mixture prior to 
ignition. For late cycle injection (LCI), a much higher pressure (>3,000 psi) is required, and as 
pre-mixing of the fuel and air is not achieved prior to ignition, a diesel-type combustion takes 
place. Ignition of the natural gas charge in both of these cases is by injection of a pilot quantity 
of diesel fuel (4 to 7 percent of the amount required for full diesel operation) into the cylinder at 
the time of ignition. Significant NOx reduction is achieved with the El process. NOx reduction is 
much more difficult to achieve for the LCI process. 

Anticipated advantages of LCI are increased engine thermal efficiency (a higher 
compression ratio diesel cycle can be used) and avoidance of the combustion "knock" that limits 
power production in Otto cycle (homogeneous combustion) engines. Disadvantages of LCI are 
the technical problems and high cost of providing natural gas at pressures greater than 3,000 psi 
and the difficulty in achieving reduced NOx emissions in higher-pressure, higher-temperature 
combustion environments. The advantage of reduced fuel costs due to the use of natural gas 
rather than diesel fuel is provided by both approaches. 

The data of Case 1 were obtained in 1982 from a locomotive engine fueled from 
compressed natural gas cylinders carried on a railroad flatcar (Ref 2-4). The major limitation 
observed in that test operation was the reduction (20 to 30 percent) of available engine power 
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caused by the onset of combustion knocking. In Case 2, the Department of Energy (DOE) 
sponsored single-cylinder engine tests (Refs 2-5 and 2-6) to determine if improved engine 
thermal efficiencies and power production could be obtained with a diesel-type (late cycle 
injection) combustion process for dual fuel operation. Although substantial progress was made in 
these tests, engine efficiency and exhaust emission objectives were not achieved. The DD 92 
spark-ignited, truck-sized engine (Case 3) had significantly different requirements than those for 
the larger locomotive engines. Its manufacture was discontinued after several years' production. 

Case 4 was undertaken by many of the same parties involved in Case 1, but with several 
changes. These included: using turbocharging rather than positive displacement compressors for 
charge-air compression; changing the piston crown design to improve fuel-air mixing and to 
reduce the compression from 14.5 to 12.8; altering the head configuration to allow admission of 
natural gas into the chamber using electronic rather than mechanical controls; incorporating 
additional charge-air cooling for the engine; modifying the controls of the injector rack; and 
incorporating single-bank engine idling to reduce emissions and improve engine efficiency (Ref 
2-7). The results achieved were sufficient to convince the Burlington and Northern Railway to 
install retro-fit packages designed, specifically, for the EMD 645 engine on two tandem 
locomotives for coal line-haul operations between Montana and Wisconsin. Liquefied natural gas 
(LNG) was used as the fuel, and a separate LNG fuel car was constructed to provide fuel. An 
LNG refueling station for the round trip was provided in Minnesota. The performance, 
reliability, and emissions reduction of that technology were demonstrated in a program that 
continued for over two years. The technology represented by this demonstration test appears to 
be the only engine-related retro-fit technology available for achieving significant NOx reductions 
with the EMD 645 engine. 

The last entry in Table 2-1 is for development tests that have been underway at the 
Southwest Research Institute (SwRI) for development of the late, high-pressure injection of 
natural gas. Data regarding the performance, emissions, cost, and reliability of this technology 
have not yet been published. 

2.3 Further Reduction of NOx Emissions 

Although the 70 percent reduction in NOx demonstrated by the results of Case 4 is an 
important step forward, further NOx reductions appear to be available with some additional 
modification of the dual-fuel EMD 645 engine. These have centered on the use of pre-ignition 
chambers and/or separate diesel injection igniters (see Table 2-2). The results presented in this 
table show that NOx emissions for dual fuel injection can be reduced to the level of 1.0 gram/hph 
while the required pilot fuel is reduced to about 1.0 percent (Reference 2-8 and 2-9 indicate that 
CO, hydrocarbon, and particular emission are also significantly reduced.). Although the use of 
pre-chambers in engines is a familiar concept, their use with dual fuel engines has been limited 
and their significant advantages have not been widely explored. In the cases shown, the 
Wartsilla is a somewhat complex multi-fueled application requiring high pressure injection (Ref 
2-10). It would not be useful for Navy MUSE units. Cooper Bessemer (Cases 2 through 5) 
conducted tests that started with the objective of improving the operation of large spark-ignited 
natural gas engines and resulted in major improvements in their dual fuel engines as well (see 
Fig. 2-2, Ref 2-8). The Cooper Bessemer engines were all four-stroke units. Fairbanks-Morse 
(Ref 2-9) achieved results similar to those of Cooper Bessemer with a 900-rpm, two-stroke, 

2-3 



opposed-piston engine. A plan view of the injector arrangement for the natural gas, diesel, and 
pre-chamber injectors of the Fairbanks Morse application is shown on Fig. 2-3. When the engine 
is operating in the diesel mode, both diesel injectors are used. In the natural gas mode, a single, 
low-pressure gas injector is used along with a diesel-fired pre-ignition chamber. Figure 2-4 
shows Fairbanks-Morse data for four modes of engine operation: standard diesel, standard dual 
fuel, spark ignition, and Enviro Design pre-chamber. The numbers within each region of the 
figure refer to the number of data points used to define that region, NOx emissions and thermal 
efficiency (brake-specific fuel consumption) are significantly superior for the Enviro-Design. 

Pre-chamber parameters affecting the reliability and effectiveness for achieving ignition, 
minimum emissions, and minimum pilot fuel are shown on Figure 2-5 (Ref 2-8). 

Combustion pre-chambers can be used with dual fuel engines to: 

• Further lower NOx, hydrocarbon, CO, and particulate emissions. 

• Improve engine thermal efficiency. 

• Reduce the required diesel pilot fuel for both two- and four-stroke dual fuel engines. 

This technology is now available and could be applied to the EMD-645 to achieve further 
important improvements in exhaust emissions and thermal efficiency for dual fuel operation. 
Such efforts would require a modest extension of the existing dual fuel technology (low-pressure 
injection) already demonstrated on B&N RR locomotives and the Navy MUSE unit. Successful 
demonstration of a dual fuel EMD-645 engine with pilot ignition would bring the Navy's 
stationary dual fuel units to the level of NOx required by the most restrictive emissions 
regulations in the country for stationary engines. 
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Figure 2-1. General features of SCR and SNCR NOx reduction processes. 
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Table 2-1. N0X Reduction Technologies Related to EMD-645 

Case Mfgr 

Number 

Strokes 

Fuel 

Type* 

Natural Gas 
Injection Pilot Diesel NOx 

g/hph Other Time Pressure % Location 

1 EMD-567 2 DF Early 200 7 Main — Low power, 
1982 

2 EMD-567 2 DF Late 3,500 2.0 knock 
limit 

Main, 
side wall 

5 Heavy smoke, 
reduced 
efficiency 
SwRI** 

3 Detroit 
Diesel 92 

2 NG Early 250 N/A N/A N/A Discont'd 
production 

4 EMD-645 2 DF Early 100 6 Main 4 Full power 
locomotive, 
1992-1995 

5 EMD-710 2 DF Late High 9 Main ? Results not 
available 

*DF = Dual Fuel, NG = Natural Gas. 
**Southwest Research Institute, Inc. 

Table 2-2. Further NOx Reductions Using Pre-Ignition Chambers 

Mfgr 
Number 
Strokes 

Fuel 
Type* 

Natural Gas 
Injection Pilot Diesel 

NOx 

g/hph Other Time 
Pressure 

(psig) % Location 

Wartsilla 4 MF Late 4,000 5 Main 5 New and 
Retrofit 

Cooper 
Bessemer 

4 NG Early Low Spark Pre- 1.5 StdforDF 

Cooper 
Bessemer 

4 DF Early Low 5 Main 5 Optimized 

Cooper 
Bessemer 

4 DF Early Low 1 Main 4 Unstable 
combustion 

Cooper 
Bessemer 

4 DF Early Low 0.9 Pre- 1 Full power, 
improved 
opacity 

Fairbanks-Morse 
Enviro Op 

2 DF Early Low — Main 4.5 — 

Fairbanks-Morse 
Enviro Op 

2 DF Early Low 1.4 Pre- 1 Full power 

*MF = Multi-fuel, NG = Natural Gas, D F = Dual fi id. 
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3.0 ELEMENTS OF THE ECI/EMD DUAL-FUEL CONVERSION 

The EMD 645 two-stroke engine has 8 to 20 cylinders, is of 45-degree V construction, 
uses a turbocharger to pressurize the air supply, and has direct diesel fuel injection. It has 4 
exhaust valves in each cylinder head and receives its combustion air through ports in the cylinder 
liner (Fig. 3-1). When converted to dual fuel operation, natural gas is admitted into the cylinder 
by a gas inlet valve (GIV) with direct access to the combustion chamber (Fig. 3-2). 

3.1 Natural Gas Fuel 

Natural gas is composed principally of methane (CH4), with smaller quantities of other 
hydrocarbons, carbon dioxide, water, and other species. The composition of a typical pipeline 
natural gas is given in Table 3.1. The non-methane hydrocarbons are often referred to as "heavy 
ends;" the multiple carbon atoms in their molecules providing both increased molecular weight 
and additional combustion energy because of the greater number of atomic bonds present in a 
given volume of gas. The heavy ends contribute more energy (BTUs) per volume of gas than 
does pure methane, but do not, necessarily, provide for better engine operation. Natural gas with 
a composition of methane and heavy ends that has a heat content greater than 1,100 BTU per 
standard cubic foot (SCF) is known as a "hot gas" that can lead to destructive engine knocking. 

Methane is a high octane (130) fuel that exhibits excellent antiknock characteristics when 
used in spark-ignited engines. However, fuel characteristics that are good for spark-ignited 
engines are often undesirable for compression-ignited engines. The latter require high 
compression ratios to heat the air in the cylinder to the point that the fuel will spontaneously 
ignite upon injection. When natural gas is used as the fuel a compression ratio enabling the 
natural gas to spontaneously ignite would be significantly greater than that required for diesel 
fuel and would be too high to maintain reliable engine operation and performance. Therefore 
other approaches for igniting the natural gas/air charge must be used. 

3.2 Dual Fuel Characteristics 

The solution adopted by ECI for igniting the premixed gas/air mixture in each cylinder is 
to use a small quantity of diesel fuel as a pilot charge to initiate combustion. Air is admitted to 
the cylinder at the bottom of the piston stroke and natural gas is then injected at low cylinder 
pressure. As the piston rises to the top of its compression stroke the gas/air charge is 
adiabatically heated. The diesel pilot fuel is then injected and the diesel fuel, with its lower 
ignition temperature, ignites and sets in motion a flame front through the gas/air mixture. 
Combustion chamber temperatures and pressures increase as the combustion front proceeds from 
the point of diesel injection. If the pressure becomes too great, autoignition can be triggered 
within the unburned air/gas mixture ahead of the flame front. When severe, this autoignition 
becomes destructive knock, and is aggravated when "hot gases" are used. To counteract this 
potential problem when burning natural gas in the EMD engine, ECI reduced the compression 
ratio of the engine from 14.5 to 12.8. 
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Although a lower compression ratio usually leads to lower engine power and efficiency, 
ECI redesigned the piston crowns and cylinder heads of the EMD 645 to minimize efficiency 
losses. It also added an auxiliary water-cooling circuit for the turbo-charger aftercooler to reduce 
air charge temperatures to the cylinders. These changes enabled the converted dual fuel engine 
to produce full diesel-rated horsepower in both dual fuel and diesels mode of operation in the 
locomotive application. Although the thermal efficiency for dual fuel operation is reduced 
several per cent from that obtained for full diesel operation, the savings in using natural gas more 
than compensates for this reduced efficiency and usually produces significant fuel savings. 

Other than being a convenient method for initiating combustion, the dual fuel approach 
offers the advantage of a backup fuel system when natural gas is either not available or if a 
problem should arise in the gas system. This is an especially important consideration for Navy 
MUSE units. On the occurrence of a hazardous situation or engine malfunction while operating 
on natural gas, the ECI dual fuel system, controlled by the engine control unit (ECU), 
automatically shuts off the natural gas supply and, on-line, switches the engine to full diesel 

operation. 
Natural gas in the ECI conversion is delivered to the cylinders at low pressure (100 to 

200 psig). This involves admission of the natural gas into the combustion chamber when the 
piston is near the bottom of its travel and when chamber pressure is low. (High pressure 
injection (3,000 psig) entails forcing the gas into the already-compressed air along with the pilot 
fuel near the top of the piston stroke.) The major advantages of the low pressure injection system 
used by ECI are improved safety, material, and construction concerns, the opportunity to use less 
exotic, precision hardware than that required to handle and inject the low-lubricity natural gas at 
3,000 psi, the avoidance of a fuel energy penalty for compressing the natural gas to 3,000 psi, 
and greater NOx reduction. High pressure injection systems would provide some advantage of 
increased horsepower and thermal efficiency, but the results of the development of that approach 

are not yet available. 

3.3 Engine Operating Sequence 

Dual fuel operation of the EMD engine can be divided into four phases: exhaust 
scavenging and air charging; gas admission, gas/air mixing and compression; ignition; and power 
production. These phases are described below and illustrated by the piston positions shown on 
Figure 3-2: 

1. The piston is at the bottom of its stroke, starting up. The exhaust valves are open and 
the inlet air ports in the liner are uncovered. Compressed air (from the turbocharger 
at about 17 psig) is forced from the air box that surrounds each cylinder into and 
through each cylinder, displacing the exhaust gases from the previous power stroke 
out through the exhaust valves and into the exhaust system. 

2. Admission of natural gas into the cylinder begins with the GIV opening after the 
cylinder has been recharged with fresh air and after the exhaust valves have closed. 
The quantity of fuel gas charged to the cylinder is controlled by a Gas Flow Control 
Valve (GFCV) and the time of opening of the GIV, both of which are controlled by 
the Engine Control Unit (ECU).   The discharge of the gas into the cylinder under 
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pressure along with the air motion established by the recharging of the air provides 
fluid motion for mixing the fuel and air charges. The upward movement of the piston 
further enhances the mixing and compresses the air/gas charge to a temperature 
sufficient for ignition of the diesel pilot fuel. 

3. Just prior to the arrival of the piston at top-dead center (TDC) a small amount of diesel 
pilot fuel is sprayed into the cylinder by the diesel injector. The pilot fuel is ignited 
by the hot gases and, in turn, serves as an ignition source for the natural gas/air 
mixture that is now nearly homogeneously mixed. 

4. The fuel/air mixture burns, increasing the temperature and pressure within the cylinder 
and driving the piston down during the power stroke. 

5. The exhaust valves open as the piston passes 106° after TDC to allow the exhaust 
gases to escape the power assembly, and the inlet air ports open at 135° to allow the 
charging air to scavenge the exhaust gases and to replace them with a fresh air charge. 
The piston continues to BDC where the cycle repeats itself. 

3.4 Conversion Kit Components 

The ECI conversion kit converts the standard EMD diesel engine to dual fuel operation 
by replacing the pistons and heads, adding gas handling and gas injection hardware, and 
installing modified aftercoolers and other supporting hardware and instrumentation. 

3.4.1 Duel Fuel Heads and Pistons. The ECI dual fuel head is similar to the standard 
EMD diesel head with the exception of an additional opening through its top that directly 
accesses the combustion chamber. This opening accepts the gas inlet valve. 

Piston head modifications are made to ensure proper gas/air mixing and to lower the 
compression ration to 12.9.   The shape of the top of the piston enhances swirl and promotes 
combustion of the gaseous fuel. At idle, the engine runs 100 percent on diesel using the 
ECI-developed Low Emission Idle (LEI) method that alternates engine banks to improve 
efficiency and reduce emissions. 

3.4.2 Gas Inlet Valves. The Gas Inlet Valve is a microprocessor controlled, electrically- 
acturated, pneumatically-driven poppet valve. The GIVs have advantages over mechanically- 
actuated valves in that they can be software-tuned for various engine speeds and conditions 
without changing the camshaft. The gas inlet valves are modular components that are unit 
replaceable, similar to the diesel injector. They remain closed when the engine is not running on 
gas to preserve their life and reliability and to prevent combustion by-products from building up 
on the GIVs valve stem. 

3.4.3 Pilot Fuel Control and Diesel Injection. The standard diesel fuel injectors are re- 
calibrated to a pilot level. This slightly alters the fuel output at full diesel throttle, although full 
horsepower is still available when running in the diesel mode. The converted engine starts and 
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idles on diesel and automatically begins gas operation after the engine reaches operating 
temperature and a preset speed (880 RPM) and an engine loading of 300 kW. On shutdown, the 
diesel-to-gas operational transfer occurs at an engine loading of 55 kW, just prior to opening the 
breaker at 50 kW. 

The fuel injection system is designed to make it possible to run equally well on full diesel 
or on natural gas. The pilot fuel control system employs an electronically controlled mechanism 
that is attached to the governor/fuel rack linkage. During gas operation the device overrides the 
diesel governor permitting only a small pilot quantity of diesel to be injected into the cylinder. 
During diesel operation, the device relinquishes control to the governor, which then provides 
conventional diesel operation. 

3.4.4 Low Emission Idle (LEI). Low Emission Idle (LEI) runs the engine on eight of 
its sixteen cylinders when the engine is idling. The additional load the non-firing cylinders 
places on the engine causes the firing cylinders to burn the diesel fuel completely, producing a 
fuel savings of approximately 15 percent and significantly reducing unburned hydrocarbons in 
the exhaust. An electronic timer in the air control cabinet controls switching between the engine 
banks. (Note: The current Navy unit does not include this option as Navy engines do not, 
normally, have extended periods of idling. This option could be included, however, if smoking 
at idling, when diesel fuel is being used, is perceived to be a problem.) 

3.4.5 Electronic Control Unit. The patent for the engine control method was purchased 
by the ECI partnership in 1984. Using copyrighted software developed in-house, the ECU 
controls critical engine functions and safety systems. It is designed to, on-line, switch the engine 
to full diesel operation in the event of an irregularity in gas operation. 
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Figure 3-1. Cross section of EMD engine. 
. (Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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Figure 3-2. Dual-fuel EMD 645 engine operating phases. 
(Used by permission, Energy Conversions, Inc., U.S.A., 1996) 
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Table 3-1. Typical Natural Gas Composition 

Component 
Molar 

Percentage 
Nitrogen 0.323 
Carbon Dioxide 0.174 
Methane 92.241 
Ethane 6.500 
Propane 0.551 
Iso Butane 0.042 
N Butane 0.055 
Hexanes + 0.045 
Oxveen 0.069 
Btu/cu ft. 1,071.000 
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4.0 SUB-SYSTEM DESCRIPTIONS AND INSTALLATION PROCEDURES 

The modification of the MUSE 1,500-kW engine generator set to dual fuel operation is 
described as a series of systems, each consisting of components connected by electrical circuitry, 
mechanical or electrical conduits, and/or other mechanical linkages. The actual modification 
hardware and procedures are described in References 4-1,4-2, and 4-3 that have been assembled 
by ECI, Inc., based on the Navy's prototype application for stationary power. The use of those 
publications is essential to the proper installation of this dual fuel kit. This section draws heavily 
on them, and supplements them with information specific to the Navy MUSE unit. The 
description of each system includes schematics, detailed drawings, and photographs of the 
installation and installation process. 

4.1 Engine Modifications 

4.1.1 Power Pack Assembly. The dual fuel power pack assembly is shown on 
Figure 4-1. Included in it is the head, modified to receive the gas injection valve (GIV), the dual 
fuel piston, whose top surface has been modified to lower the compression ratio from 14.5 to 
12.8 and to provide a greater intensity of mixing of the natural gas and air, and natural gas 
connecting hardware that includes the load valve, load block, gas and air lines and the GIV. 
Although the heads and pistons are changed as noted and the ring sets are special parts, the 
power pack assembly procedure is identical to that of the standard diesel power pack. Figures 
4-2(a) through 4-2(d) show the placement of the GIV into the cylinder head with attachment of 
the natural gas supply and control air hoses. 

4.1.2 Cylinder Relief Valves. ECI cylinder pressure relief valves (Fig. 4-3) are used to 
replace the standard cylinder test valves. These valves are located at each cylinder just under the 
natural gas supply line to relieve excess pressures that can arise during gas operation. 

4.1.3 Diesel Fuel Supply. The original diesel fuel system is modified to provide "pilot" 
fueling capability during natural gas operation. Standard diesel injectors are used, but require 
special calibration to provide the correct "pilot" fuel quantities. Modifications also include the 
addition of a pilot fuel stop assembly mounted by the injector rack control linkage, and a system 
of air rams. The pilot stops are actuated with control air pressure through solenoid valves 
controlled by the Engine Control Unit (ECU). During higher loads the left-hand ram is extended. 
If the load drops below 20 percent, the second ram is energized increasing the pilot fuel and 
stabilizing combustion at the light load. Figure 4-4 shows elements of the pilot fuel stop 
assembly and the modified injector control rack linkage. Figure 4-5 shows photographs of 
engine modification components. 
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4.2 Natural Gas Supply System 

Figures 4-6 is a schematic diagram showing installation of the gas lines within the engine 
house leading from the engine cylinders to the external natural gas (NG) supply and control 
components leaving the engine house. Figure 4-8 shows photographs of the NG piping, fittings, 
and their installations. 

Under normal operation, natural gas is used within the unit at pressures of 100 to 150 psi. 
The pressure, normally, must be reduced from a higher supply pressure and closely regulated to 
the desired level. The gas, first, passes through a master manual shutoff valve followed by the 
pressure regulator. It then passes through two air-operated shutoff valves and a piping tee that 
leads to a pressure relief valve (set at 150 psi), a filter, an air-operated vent valve, and on to the 
NG piping in the interior of the engine house. There it passes through an instrumentation run 
(Fig. 4-9) where the gas temperature, pressure, and the flow rate are measured, to a third air- 
actuated gas cutoff valve (GCOV, Fig. 4-10), and on to the gas flow control valve (GFCV). 

When the ECU determines that it is time for gas operation, valves VI, V2, and GCOV are 
opened for a brief period of time (5 seconds) to charge the natural gas supply line. At that point, 
the VI and V2 are closed and the pressure of the natural gas in the line downstream of them is 
monitored for 180 seconds to ensure that the pressure remains constant and that no significant 
leaks are present in the gas supply line (a pressure loss of less than 3.0 psi must be observed for 
the system to pass this test). If the gas line does not pass the integrity test, it is vented to 
atmospheric pressure (through a vent valve, located on the gas flow control valve (GFCV), 
Fig. 4-10), and on to the exterior vent pipe). VI and V2 remain closed, and the engine is 
prevented from proceeding to NG operation. If the gas line passes the integrity test, valves VI 
and V2 are opened, providing a NG supply up to the GCOV. At that point, the ECU opens the 
GCOV and starts to sequentially open the GIVs to each of the cylinders to provide a flow of NG 
to them. The gas flowrate to the engine is controlled by the GFCV (Fig. 4-11), the position of 
which is determined by a direct mechanical linkage from the output shaft of the Woodward 
governor (the standard diesel component for governing engine speed and load). 

From the GFCV the gas makes its way through the headers (Fig. 4-12) to each load block 
and GIV. Each load block has a restrictor valve that can be adjusted to either increase or 
decrease the gas flow to each cylinder to balance the power that is delivered. The gas pressure in 
the header, controlled by the GFCV, changes with load over a range of 25 to 65 psi. In switching 
to diesel operation, the GCOV, VI and V2 all close. The GIVs cease to operate shortly 
thereafter, leaving some NG in the header. This gas is immediately vented via the vent valves on 
the GFCV and on the NG supply line external to the unit so that no natural gas lines within the 
engine skid remain pressurized at any time except when the engine is operating on it. 

4.3 Control Air System 

Most working parts of the conversion are pneumatically actuated and require a reliable 
source of compressed air. The largest single requirement for compressed air is for actuation of 
the GIVs. These require 15 SCFM so that a larger compressor (30 SCFM vs. the original 15 
SCFM) with a similarly sized air storage tank (240 SCF at 225 psi) was installed on the MUSE 
unit (the compressor installation is described in Section 4.5). Air from the compressor first 
passes through a filter, regulator, and air lubricator (Fig. 4-13).  One branch of the air line then 
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passes directly to the GIVs. Figures 4-14 and 4-15 show a pictorial of the air hose connections 
and details of the routing of the air to the GIVs. Item 2 of Figure 4-14 shows a second air 
supply line going to the Air Supply Cabinet (ASC) out of which air control hoses emanate to 
provide actuating air to: the diesel ram (item 3), the pilot fuel stop (item 4), the vent valve on the 
GFCV (item 5), and the GCOV (items 6 and 7). Items 8 through 11 indicate additional air hose 
routes are left to the installer to determine after the locations of the components connected by 
them are fixed. Details of the air supply tubing for the GIVs are shown on Figure 4-16, and the 
internal arrangement of the ASC is shown on Figure 4-17. A schematic diagram for the 
mounting bracket for the ESC and ASC is shown on Figure 4-18 and photographs of them 
mounted are provided on Figure 4-19. 

4.4 Air Throttle 

The air throttle is a device that is used to control the amount of combustion air available 
to the engine. It provides a means of operating the engine at increased efficiency at reduced 
loads and is located at the turbocharger inlet. Figure 4-20 compares the original turbocharger 
installation with that of the installation that includes the air throttle. Figure 4-21 provides 
photographs of the modified installation. 

4.5 Engine Cooling System 

The engine cooling system has been enhanced by adding a cooling water circuit to send 
part of cold water stream exiting the radiator directly to the inlet of the aftercoolers (Fig. 4-22). 
This is to provide greater cooling of the combustion air than is normally obtained and allows 
operation of the engine in the natural gas mode at increased power levels. The added water 
circuit requires the use of an aftercooler water pump, and to further enhance cooling of the 
combustion air, an ECI-designed 6-pass aftercooler is used to replace the standard 2-pass 
aftercooler. The new aftercoolers (Fig. 4-23) are designed so that counter flow is accomplished 
on both sides of the engine. The coolers are installed following the guidelines found in the EMD 
maintenance manual for the standard aftercoolers. A 140-gpm pump is used for the aftercooling 

circuit. 
Installation of the new cooling water pump, along with the new air compressor, is shown 

on Figures 4-24 through 4-27. The original air compressor and air tank had to be replaced with 
ones of greater capacity and structural strength. A place to mount the water pump also had to be 
found. Therefore, a mounting plate capable of supporting both was designed. Figure 4-24a and 
24b show the original air compressor mounting configuration and the final one with both air 
compressor and water pump installed. Figure 4-25 shows the support platform supported at four 
positions by the compressed air tank, by two channel iron leg supports mounted on the side I- 
beam of the unit, and be a fourth support leg. Figure 4-26 and 4-27 provide specifications for the 
compressed air tank and platform, the support legs, and the platform. 
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4.6 Sensors 

Sensors are provided for a variety of measurements (Fig. 4-28). It is important that they 
operate properly. Out-of-specification measurements are warning signs indicating either engine 
malfunction or improperly functioning sensors. In either case, they may indicate dangerous or 
hazardous conditions and cause the engine to terminate operations. Figures 4-29 and 4-30 show 
the installation of several of the sensors described below. 

4.6.1 Thermocouples. Thermocouples are fitted one per cylinder through the engine 
manifold. They are used to monitor the temperature of the exhaust gas coming from each 
cylinder as a primary indication of proper cylinder performance. 

4.6.2 Water Temperature. A bad or partially failed sensor will be displayed by the 

ECU as an error. 

4.6.3 Control Air Pressure. Control air is provided by the compressor at 200 to 240 
psi. It is then reduced in pressure by the pressure regulator to the control range of 125 to 135 psi. 
Pressures more than 4 psi outside of this range cause the unit to shut down. 

4.6.4 Flywheel Sensors. The flywheel sensor apparatus consists of three sensors 
mounted'on a bracket over the flywheel, along with sensor targets. The two sensors provide 
timing information to the ECU. These are positioned to sense 1/4-inch targets embedded in the 
flywheel, and their output is used to synchronize the natural gas sequencer with the cam shaft for 
timing injection of natural gas into the cylinders. The third sensor is positioned directly over the 
teeth of the ring gear and uses the gear teeth as targets to determine flywheel speed. 

4.6.5 Air Box Temperature. The air box temperature is monitored to sense 
temperatures that become too high (>200°F) and which can lead to engine knocking when 

operating in the natural gas mode. 

4.6.6 Air Box Pressure. Air box pressure is an indication of turbocharger (TC) 
function." Low air box pressure (< 14 psi) indicates that the turbocharger is still probably being 
driven directly by the engine. Higher pressures (> 17 psi) indicate sufficient exhaust gases (at 
higher engine loads) to cause the TC to disengage from the engine and to be driven, solely, by 
the exhaust gases. The latter results in more efficient engine operation. 

4.6.7 Natural Gas Sensors. These include the temperature and pressure sensors, the 
delta pressure sensor, and the delta pressure transducer. These monitor the condition of the 
natural gas upstream of the GFCV before being admitted to the gas header along with its flow 

rate to the engine. 

4.6.8 Gas Header Pressure. The gas header pressure measures the pressure of the 
natural gas to the end of the header farthest from the supply. A minimum level must be 
maintained to continue engine operation. Excessive pressure indicates gas injector malfunction. 
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4.7 Natural Gas Safety System 

Several approaches are used to ensure safe natural gas (NG) operation of the MUSE unit. 
These include both hardware additions and modifications and operational changes. Natural gas 
consists, mostly of methane, a colorless, odorless, non-toxic gas. The familiar "odor of gas" 
often smelled is not that of methane, but of small amounts of sulflu:-containing compounds 
added, specifically to provide the pungent odor. This is a safety feature provided by all natural 
gas suppliers, the odor being noticeable at very small concentrations. 

The main concern with natural gas is that when it is mixed with air at concentrations of 
between 5 and 15 percent of NG by volume, it forms a combustible mixture. If such a mixture 
should form in a space it would be subject to an explosion if confronted by an adequate ignition 
source. As all 110 volt electrical circuits (and many circuits of less voltage) provide ignition 
sources sufficient to initiate a natural gas explosion, and as many such circuits exist within the 
MUSE engine enclosure, the approach taken for ensuring a safe environment has been to ensure 
that the NG concentration within the engine space will never reach the level of an explosive 
concentration. This has involved ensuring adequate ventilation of the engine space along with 
the installation and operation of a gas detection system. The fact that NG is lighter than air and 
has a strong tendency to rise away from the source of any leak is helpful in achieving this 
objective. 

Appendix A includes an analysis and recommended design modifications and operational 
procedures to ensure the safe operation of this dual fuel conversion. This study was undertaken 
by a fire safety consulting firm with particular expertise in the handling of natural gas within 
enclosed areas. The recommendations of that study were incorporated into the design and 
operating characteristics of this dual fuel conversion. 

Figure 4-31 shows a cutaway side view of the MUSE unit indicating NG pipe routing and 
safety features included in that piping run, and Figure 4-32 is a plan view showing air flows 
within the engine compartment to prevent the accumulation of NG explosive concentrations. 
The venting rate of the compartment is such that even with a severed NG supply line, 
concentrations of NG within the engine compartment would not reach an explosive level, 
assuming that the exhaust blower is properly functioning. System interlocks prevent the entry of 
NG into the engine compartment (ECU controlled) unless the exhaust blower is shown to be 
operating, unless air flow gauges show that adequate venting is actually taking place, and unless 
the natural gas detection system shows the absence of any measurable concentrations of an 
explosive gas. The shutdown level is set at 10 percent of the LEL (lower explosive limit for 
NG). This allows for the presence of some hydrocarbon vapors from greases and oils within the 
unit but provides a conservative monitoring level for the presence of NG from any leaks in the 
NG system. Figures 4-33 and 4-34 show the installation of the NG sensors and connecting 
conduits and wiring. 

4.8 Electrical System and Controls 

A pictorial view of the main features of the electrical and control system is shown on 
Figure 4-35. The two main electrical/control cabinets are the engine control unit (ECU) and the 
air service cabinet (ASC). An analog termination box is also shown. The basic wiring scheme 
for the system is indicated on Figure 4-36 which shows 16 wiring runs, 12 of which (numbers 1, 
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3, 4, 5, 7, 10, 11, 12, 13, 14, 15, and 16) are contained within conduits (flex or hard). The 
number, size, and type of wires within each run are indicated and each wire carries an 
alphanumeric designation. 

The wiring design is laid out in a manner so that wire harnesses, assembled at the factory, 
can be pulled through the conduits and attached to terminal strips. Conduits from the ECU lead 
to (a) the operating system status screen, (b) the analog termination box, and (c) the ASC. The 
conduit leading from the ECU to the ASC actually contains several distinct wire harnesses for: 
(a) GIV control for admission of natural gas to each cylinder, (b) control functions to the existing 
engine control panel (ECP) and the switchgear (SG) house, (c) the control harness solenoids 
within the ASC, (d) electrical signals to the ECP for actuating the water pump, and (e) for 
controlling and receiving signals from the gas detection system. 

4.8.1 Engine Control Unit. The ECU controls all major functions of the dual fuel 
engine operating system. It is an electronic device, and consideration should be given to the 
ambient temperatures of its proposed location to prevent unnecessary overheating. Otherwise, its 
location may be at any place within the engine generator housing that is convenient for gathering 
the engine operating data and for exercising its control function. 

Figure 4-37 provides a block diagram of the electrical control signals entering and 
leaving the ECU and Figure 4-38 shows the physical layout of the inside of the ECU. Wiring 
connections internal to the ECU are shown on Figure 4-39 and ECU digital inputs, analog inputs, 
digital outputs, and GIV outputs are shown on Figures 4-40 to 4-43. Schematic diagrams of the 
switchhouse connections and wire harnesses are shown on Figures 4-44 and 4-45. Terminal 
connections within the ASC and the analog termination box are shown on Figure 4-46. 
Additional drawings of wiring harnesses are shown on Figures 4-47 to 4-50. 

4.8.2 Air Service Cabinet and Engine Control Panel. The internal components of the 
ASC are discussed in Section 4-3 and electrical wiring hookups were discussed in the sub- 
section, above. Photographs of wiring within the ECU and ASC are shown on Figure 4-51. 
Photographs of the ECP modifications are shown on Figure 4-52. 

4.8.3 GIV Wire Harness. The GrV wire harness leads from the ASC to the upper deck 
(under the valve cover) where it is divided into two segments for either side of the engine 
(Fig. 4-53). It has leads to each cylinder for both operating the solenoid valves to admit natural 
gas and for monitoring the temperature of each valve (valve temperature switch (VTS)). 

4.9 Switchgear, External Power Hookups and External Communications 

All hardware electrically linking the diesel generator with the activity is located in the 
switchgear house. Interconnects between the engine house and the switchgear (Fig. 4-54) 
include, (a) the 3-phase 4,160-volt power-carrying conductors, (b)a 40-wire umbilical 
interconnecting cable for transmitting engine and electrical control data, and (c) a second 
umbilical containing 12 shielded triads (20-gauge) for communication between the ECU and 
remote sites and for electrical control of the NG sensors mounted in engine house by the 
hazardous gas control module mounted in the switchgear house. The second umbilical includes 
signal wire for five telephone connections. Two of these are for separate signals for starting and 
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stopping of the unit from a remote site. Two dedicated lines are used for this purpose to avoid 
the possibility of interrupted telephone service interfering with control of the unit. The three 
other lines are used for transmitting operating data to the remote site control center and to other 
off-base sites by modem. Interconnects between the switchgear house and the base are the 
power-carrying cables contained in 4-inch underground conduit and a telephone interconnecting 
cable carried by a 1-inch underground conduit. 

Electrical wiring connections to and within the switchgear house are described in the 
schematic diagrams referred to in Section 4.10. Photographs of the switchgear installation are 
shown in Figure 4-55. 

4.10 Modification of MUSE Schematic Drawings 

The impact of the modifications discussed above on existing MUSE schematic drawings 
has been incorporated into those drawings as indicated in Appendix B. Such modified drawings 
have been identified by the designation DF (dual fuel) appended to the original drawing 
numbers. 
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LOAD VALVE 

LOAD BLOCK 

GAS HEADER 

GAS LINE 

AIRLINE 

GAS INLET VALVE 

DUAL FUEL HEAD 

DUAL FUEL PISTON 

Figure 4-1. Cross section of an ECI dual fuel power pack. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 

4-8 



(a) GIV. 

(b) GIV being installed. 

Figure 4-2. Installation of gas inlet valve (GIV) with natural gas and actuating air hoses. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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(c) Natural gas hose. 

(d) Actuating air hose. 

Figure 4-2. Installation of gas inlet valve (GIV) with natural gas and actuating air hoses. (Cont'd.) 
(Used by permission, Energy Conversions, Inc., U.S.A., 1996.) 

4-10 



(a) In relation to NG header. 

PLUG 
900598-5s VENT HOLE PULL HANDLE UP 

FOR VENTING 
CYLINDER 
PRESSURE 

(b) Operating parts. 

Figure 4-3. Installation of cylinder relief valve. 

(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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Air hose bracket 

Pilot Fuel Stop assembly 

l_CN 
Figure 4-4. Pilot fuel stop assembly installed. 

(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 

4-12 



c o 

'S* 

o 

c 
4) 
Ö o 

1* o 
O 
Ö 
o 

o 
to 

Q 

Ö 
'5b e 

*.  / 

■ V ' '■ J3 

A*   '> o 
CO 

1 .^ ■ a 
<& "3 

y     t * j. a 
^^Äii^i^^^P^ an 

o 
CO 

in 

0> 

60 

4-13 



> 
5 
ja 

CO 

1 
u 

d o 
U 

d 
d> 
d o 
t 
o o 
d o 

o 
tö 
'*B o 
£ 
d 

•4 
3 
00 

4-14 



(e) Air-actuated diesel ram 
control and NG supply 
hose leading to gas flow 
control valve (GFCV) 
mounted adjacent to 
governor. 

(f) Air-actuated pilot fuel stop assembly and governor output linkage to GFCV. 

Figure 4-5. Engine modification components. (Cont'd.) 
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(g) NG header, load blocks, and cylinder relief valves installed. 

Figure 4-5. Engine modification components. (Cont'd.) 
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Figure 4-6. Plan view of natural gas piping 
and components. 
(Used by permission. Energy Conversions, Inc., U.SA., 1996.) 

A. Gas header 
B. Load blocks 
C. Crossover header 
D. Crossover hose 
E. Gas flow control valve (GFCV) 
F. Gas cutoff valve (GCOV) 
G. Differential pressure sensor 
H. Pipe-O-ring hose flange 
J. Regulator 
K. Manual shutoff 

valve 

External to engine 
house (See Figs. 4-7 
and 4-8). 

ÜB 
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(a) From right, NG supply, manual shutoff valve, and pressure regulator with 
sensing line. Use schedule 80 steel piping for added mechanical safety. 

(b) Two air-actuated ball valves, 150 psig relief valve with a 4-inch 
vent tube, filter, and air-actuated valve to vent NG line. 

Figure 4-8. Natural gas (NG) supply line and components. 
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(c) Compressed air tank 
removed inside 
radiator room. 

(d)NG line welded 
in place in 
radiator room. 

Figure 4-8. Natural gas (NG) supply line and components.(Cont'd.) 

4-20 



(e) NG piping passes through the radiator room, past compressed air tank 
and through wall into engine compartment. Actuating air lines from ASC 
are routed along with NG piping. 

(f) NG line rises to top of engine compartment and enters metering run. 

Figure 4-8. Natural gas (NG) supply line and components.(Cont'd.) 
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(g) Metering run is initiated (see Fig. 4-9) 

(h) and completed. Mass flow meter is added for test purposes in 
addition to standard differential pressure measurement. 

Figure 4-8. Natural gas (NG) supply line and components. (Cont'd.) 
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(i) Installing an NG load block. 

(j) One NG load block installed, mounting holes cut. 

Figure 4-8. Natural gas (NG) supply line and components. (Cont'd.) 
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(k) Load blocks and NG 
header installed. 

(1) NG supply line with gas 
and air hoses to cylinders 
installed. 

Figure 4-8. Natural gas (NG) supply line and components. (Cont'd.) 
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Fittings for pressure and temperature sensors 

GCOV 

Downstream regulator sense line port 

Differential Pressure sensor 

Figure 4-9. ECI-supplied NG metering assembly. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 

M 
ii 

Vent vatoe hose route to air 
fflerassembty 

GFCV mounted 

GCOV 

Gas crossover header 

Figure 4-10. Attaching gas line to GFCV. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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Figure 4-11. The GFCV is mounted adjacent to governor. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 

Figure 4-12. Gas header to cylinders. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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Figure 4-13. Compressed air supply ASC and usage schematic. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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dieselair 
ram 

Air supply 

Water Flow Control Valve 

Figure 4-14. Pictorial of air hose connections. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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Note: Air Piping Hardware: 

Ref. Ref Ref 

No. Description No. Description No. Description 
Fitting: SS custom nipple 

1 Air shutoff valve 13 Bushing 23 

2 Fitting valve to hose 14 Fitting test point 24 Tube engine - front left 

3 Fitting oiler inlet 15 Fitting nipple 25 Tube engine - front right 

4 Hose assembly 16 Fitting oiler outlet 26 Tube engine - center jumper 

5 Filter 17 Fitting adapter 27 Tube engine jumpers 

6 Regulator 18 Hose assy. 28 Fitting 

7 Oiler 19 Fitting 29 Hose assembly 

9 Mount bracket assy. 20 Fitting: male branch tee 30 Fitting - GIV AIR w/filter 

11 Fitting: connector 21 Fitting: union elbow 

12 Fitting tee 22 Fitting: union tee 

Figure 4-15. Schematic diagram of air tubing to GIV s. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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Threaded stainless nipple 

[Q] ^^  Ferrules 
ET 

DBEJI@ 

(a) Connection to load blocks. 

(b) Route around cylinder relief valves. 

Figure 4-16. Routing of GIV tubing for compressed air. 
(Used by permission. Energy Conversions, Inc., U.SA., 1996.) 
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Note Air Service Cabinet 
Ref. Ref. Ref. 
No. Description No. Description No. Description 

1 ASC assembly 6 Mounting block 13 Nut 
2 Magnet valve 7 Fitting 14 Lockwasher 
3 Mounting block 9 Press, control valve 16 Diode 
4 Mounting block 10 Terminal block 17 Toggle switch 
5 Fitting 11 Support 18 Pressure Regulator 

Figure 4-17. Internal Arrangement of ASC. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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K A 

-1 3/4'  TUBE 
WITH HOLES 
2'  DN  CENTER, 
80' OVER ALL 
HEIGHT 

UNISTRUT AS 
NEEDED FOR 
MOUNTING 

■SEE  DETAIL  A 

-24' 

DETAIL  A 

FRONT VIEW SIDE VIEW 

Figure 4-18. Mounting bracket for engine control unit (ECU) 
and air service cabinet (ASC). 
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(c) Mounted on freestanding support bracket to allow engine 
generator set housing cover to be removed. 

Figure 4-19. ECU and ASC mounted in engine house. (Cont'd.) 
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(a) Standard turbocharger with 
adapter fitting highlighted. 

Trimming of adapter fittings may be necessary 
to provide clearance for the air throttle. 

Air Throttle 

(b) Air throttle being installed with adapter fitting. 

Figure 4-20. Turbocharger installation. 
(Used by permission, Energy Conversions, Inc., U.SA., 1996.) 
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(b) Installation complete with air-actuated positioner. 

Figure 4-21. Photographs of air throttle installation. 
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(a) Original air compressor 
mounted longitudinally 
on air tank (interior view). 

(b) New air compressor (rear) 
and water pump with suction 
and outlet water lines installed 
(exterior view). 

Figure 4-24. Mounting of air compressor and water pump. 
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(a) Support legs, including compressed air tank with 
mounting brackets and channel iron support legs. 

(b) View from opposite side. 

Figure 4-25. Table for supporting air compressor and water pump. 
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(c) Closeup of channel iron support legs. 

(d) Table bolted in place. 

Figure 4-25. Table for supporting air compressor and water pump. (Cont'd.) 
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(e) Table installed. 

(f) Inside view of new compressor after installation. 

Figure 4-25. Table for supporting air compressor and water pump. (Cont'd.) 
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(a) Engine compartment exhaust blower. 

(b) Explosive gas detectors. 

Figure 4-33. Photographs of safety equipment. 
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(a) Explosive gas detectors and conduit to junction box. 

!L   -, 

^ 

(b) Junction box/J connector for removal of housing. 

Figure 4-34. Photographs of safety equipment. 
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(a) Internal view of ECU. 

(b) Internal view of ASC. 

Figure 4-51. Photographs of controller modifications. 
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(a) GIV wire harness from ASC to engine. 

(b) Wiring connections for GIV-actuating signal and for temperature 
monitoring of GIV. 

Figure 4-53. GIV electrical hookup. 
(Used by permission. EnergyConversions, Inc., U.SA., 1996.) 
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(a) Switchgear installed and wiring in place. 

Figure 4-55. Photograph of gas conversion components in switchgear house. 
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(b) Switchgear control panel 

(c) Added selector pushbuttons 
and indicating lights for gas 
conversion. 

Figure 4-55. Photographs of gas conversion components in switchgear house. (Cont'd.) 
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(h) Hazardous gas controller module. 

(i) Controller module installed and wired in to two hazardous gas sensors in engine'house. 

Figure 4-55. Photographs of gas conversion components in switchgear house. (Cont'd.) 
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5.0 OPERATIONAL PROCEDURES 

Operation of the converted dual fuel MUSE engine generator set can be by either diesel or 
diesel/natural gas mode of operation. It can be controlled from the on-site engine control panel 
(ECP) or switchgear panels (SGP) or from a remote site. It can operate as either a stand-alone 
electrical generating station or be synchronized with and provide power to an electrical grid at 
4,160 volts. 

5.1 Diesel Only Operation 

Diesel operation can be by (a) manual, (b) local automatic, or (c) remote automatic 
control. Manual operation utilizes the existing ECP. Selector switches on the ECP (Fig. 4-2(b) 
are appropriately set for manual diesel operation. The engine is started and brought to speed by 
the operator who must verify temperature, pressure, engine speed, and other measurements as the 
unit warms and is brought to operating speed. The unit is then synchronized with the power grid 
(voltage, frequency, and phase angle), the breaker is closed, and the unit is loaded to the desired 
power level. All of these manual operations are performed in the same manner as for a MUSE 
diesel engine generator that has not been converted to dual fuel operation. 

The addition of the ECU as part of the installation of the dual fuel system has made it 
possible to operate the unit in a completely automatic mode. The automatic mode of operation is 
also set by selector switches on the ECP. In this mode of operation the actuation of a single 
'start' switch initiates the sequence of actions required to proceed through all steps to start the 
engine, close the electrical breaker to the electrical grid, and load the unit. Actuation of the 'stop' 
switch causes the reverse of this procedure and brings the unit to a stop. 

The actions that take place during remote automatic control are identical to those for local 
automatic control with the exception that the 'start' and 'stop' switches are at a remote location 
and that an additional computer status screen is provided at the remote site. The details for using 
the automatic mode of operation are discussed in the sections below. 

5.2 Natural Gas (Dual-Fuel) Operation 

Natural gas operation refers to dual-fuel operation where approximately 95 percent of the 
fuel required to run the engine generator set is provided by natural gas. About 5 percent is diesel 
fuel that is used as an ignition source for the natural gas charge. 

Natural gas operation requires automatic control. Manual 'local' control is not an option. 
This is because operation in the natural gas mode requires several operations in the startup and 
run routines that are essential but are not easily performed in the manual mode. It is also because 
automatic operation serves to ensure that conditions for which safety interlocks are provided for 
natural gas operation are satisfied prior to natural gas firing. The engine is always started in the 
diesel mode and only after the engine has been started and reaches a speed of 900 rpm (the normal 
operating speed is 900 rpm) is the unit transferred to natural gas operation. Similarly, the engine 
automatically transfers from natural gas to diesel operation at 900 rpm before coming offline. 
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When the unit is on-line and generating power, it may transfer from natural gas to diesel 
operation for any of several 'faults' that can arise. If a fault corrects itself during the course of 
the operation a return to natural gas operation can automatically occur. Other faults may cause 
permanent transfer to diesel operation or may cause immediate shutdown of the unit. Transfers 
from diesel operation to natural gas, and the reverse, normally occur automatically and without 
interruption of power generation. 

5.3 Automatic Control 

The autostart flow chart is shown on Figure 5-1. Autostart can be initiated from either a 
remote site or from the ECP. Several software routines and parameters are included in the 
autostart. Nine time-parameters, indicated in the lower right-hand corner of Figure 5-3, indicate 
the various time intervals involved in the startup procedure. In Step 2, after receiving a 'Start' 
request, Autostart first verifies that the engine is not running. A leak detection system check is 
then made in Step 3 to ensure that no combustible species are present in the air space of the 
engine house. The exhaust fan is then turned on and an air flow measurement is made to verify 
proper operation of the exhaust blower. At that point the main gas valves (VI and V2, see 
Fig. 4-7) and the GCOV Fig. 4-10) are opened briefly to charge natural gas to all of the lines 
downstream of VI and V2. VI and V2 are then closed and the pressure in the downstream line is 
monitored for T3 seconds. No change in pressure indicates that gas line integrity is adequate to 
proceed. GCOV is then closed and VI and V2 are opened. At this point the controller walks the 
engine through its normal start-up procedure by pre-lubing it, sounding the starting alarm, barring 
the engine for T6 seconds, and after a check to ensure that all parameters are in their proper 
ranges for starting as indicated by the Ready-to-Start (RTS) relay, cranking the engine (Step 16). 
After starting, the controller ramps the engine up to operating speed with continuous signals to 
the governor (GUP). At 900 RPM the synchronizer is enabled and the generator is brought into 
synchronous operation with the electrical grid by utilizing feedback signals from the synchronizer 
to the controller. These signals cause adjustment of engine speed by providing signals to the 
governor (GUP or GDN). The electrical breaker to the grid is closed upon synchronization and 
the controller then proceeds to increase the electrical load on the generator until it reaches the 
desired operating level (normally 1,500 kW). The engine automatically changes to NG operation 
as the load passes through 300 kW. 

Any of several reasons will cause the engine to be stopped. These include the detection of 
a hazardous gas within the engine space, a failure of the exhaust fan, the opening of a valve 
temperature switch, or receipt of a 'Stop' signal. Other faults may cause operation of the engine 
to shift to diesel fuel operation until any out-of-specification variables return to acceptable values. 

5.3.1 Autostart Software.  Software functions important to the automatic starting and running 
of the engine generator set are discussed below. 
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Basic Gas Engine Operation. This routine defines the engine mode so that it will switch 
to gas operation if all prescribed variables are in order. The controller monitors all engine, gas 
system, and electrical parameters to ensure that each is in the prescribed range for gas operation. 
Out-of-range parameters may cause the engine to automatically switch to diesel operation until 
the variable returns to an acceptable value. 

SY. This routine enables the controller to turn AC power on to the synchronizer and 
causes the synchronizer to send signals to the controller to speed up or slow down the engine. As 
electrical synchronization is achieved, the synchronizer causes the main circuit breaker to close. 

ER. The engine run relay must be opened to activate a control circuit that keeps the 
engine running. Its closing causes the engine to shut down. 

CNK. The crank engine routine energizes the start relay that causes the starter motor 
(driven by compressed air) to spin. The controller holds the start relay on for a maximum of 20 
seconds with the expectation that the engine will start in that time and that engine speed will 
increase above a threshold value of 200 RPM. At this point the controller disables the CNK 
signal and begins performing other control functions. If the engine fails to start, the controller 
attempts to again start the engine after waiting for one minute until the starting air pressure builds 
to a satisfactory level. The controller again recycles through the pre-lube and engine barring steps 
before attempting the restart. 

RTS. The ready-to-start signal is required before the engine starting sequence can 
commence. The controller will wait for a maximum of 5 minutes following initiation of the engine 
barring procedure to activate an RTS signal. A longer time interval will cause a fault to be 
displayed and a lock-out from gas operation. 

Electrical Mode Determination. This routine allows the controller to determine whether 
the unit is operating as a single generating unit or is paralleled to a buss. To accomplish this the 
controller first increases the speed set point of the engine slightly while monitoring speed and 
load. If load increases, the unit is determined to be paralleled and the controller will work to load 
the engine to its set point power rating. If speed increases, the controller determines that the unit 
is operating singly and will work to maintain a engine speed of 900 RPM (equal to 60 Hz). 

Gas Pressure Test. Before the full gas supply is allowed into the engine house the gas 
pressure test must prove successful. An initial condition is that the engine must not be running. 
The engine controller must then receive a start signal either from the remote control center or 
from the engine control panel. It will then turn on the ventilation fan and monitor both the 
ventilating air flow signal and the leak detection signal. When both of these responses are 
satisfactory, the controller will send signals to open the GCOV and the gas main valves (VI and 
V2). In approximately three seconds it closes VI and V2 but keeps GCOV open. The controller 
waits a short period of time for pressures to stabilize across the GFCV and then reads pressure 
signals from the two gas pressure transducers. The readings must be within 5 percent of each 
other and above 50 PSI. The controller then waits 60 seconds and again reads the two pressure 
sensor signals. The signals must again be with in 5 percent of each other and not more than 5 psi 
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less than the first reading. Such a test constitutes a passed pressure test. At that point the GCOV 
is closed and VI and V2 are opened in anticipation of running on gas. If the test fails because no 
gas was admitted to the system, the controller will start the engine and operate it on diesel fuel. 
The ECU will indicate "Low gas pressure...test failed". If the test fails due to dropping gas 
pressure the ECU will indicate "Failed Gas Pressure Test". For the latter, a site inspection and 
system reset is required before further gas operation. In the event that the ECU does not receive 
satisfactory signals for the fan flow and leak detection measurements, it will indicate such and will 
not perform the gas pressure test and will not start the engine. 

GIV Sequencer. The valve sequencer board inside the ECU processes input signals from 
the flywheel sensors and controls the GIV (gas inlet valve) timing. The valve sequencer processor 
(VSP) operates the GIVs when it receives an enable signal from the main controller. It then 
returns a signal to the main controller indicating that operation of the GIVs is satisfactory. If the 
main controller asks for GIV operation and the VSP does not return its status operational signal, 
gas operation is prevented and the main controller displays a valve sequencer fault on the status 
screen. 

The VSP is programmed to examine crankshaft input signals for clarity and operational 
limits. If the VSP detects defects it will not operate the GIVs. However, the VSP is programmed 
so that if the signal defects are corrected it will resume operating. The main controller determines 
if too many faults have been detected by the VSP to continue gas operation. If gas operation is 
unsuccessful after a given number of attempts, the main controller stops attempting to initiate gas 
operation. Causes of problems detected by the VSP are displayed by four indicating lights on the 
board itself. The door to the ECU must be opened to view these lights. 

5.3.2 Alarm Logic. In order for the ECU to allow gas operation the conditions indicated 
on the Alarm Chart (Table 5-1) must be met. If any of these conditions are not met the ECU will 
transfer operation to diesel operation. When the ECU determines that the conditions are once 
again within operating range, gas operation will continue. In order for an alarm to occur, the 
signal must fall outside of either the high or low limit. The alarm condition is cleared once the 
signal either rises above the 'low alarm clear' limit or falls below the 'high alarm clear' limit. 
Once the alarm is cleared, the ECU will wait for a 'time off after clear' period before resuming 
gas operation. If too many faults occur within a set period of time (# faults before long pause), 
the ECU will wait for the 'long pause time' before resuming gas operation. If this sequence 
occurs more than 'max # of pauses before lockout,' the ECU will not allow further gas operation 
until the problem has been resolved. 

5.3.3 ECU Status Messages. The ECU decides when to switch between diesel and dual 
fuel operation based on predetermined limits for rpm, temperatures, pressures, switches, etc. The 
status of gas operation is displayed on the status screen. The screen automatically displays faults 
and conditions as they occur. The messages that appear on the status screen and explanations of 
them are as follows. 

Values in Normal Range - On/Off Gas. This message will occur when the ECU is 
either on gas or ready to go on gas - all system parameters are within acceptable limits. 
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Abnormal Values - On/Off Gas. This shows a list of all values that have exceeded their 
normal range. Some may not be critical to gas operation (e.g., Ether left in canisters). 

Gas Operation Suspended...or Gas System Fault.... Both of these messages have the 
same result - the engine will resort to diesel operation. Gas Operation Suspended indicates that 
there is no need for concern, (e.g., WT - 100.0 shows that the ECU is waiting for the water 
temperature to rise.) Gas System Fault indicates that the engine is not operating properly 
(e.g., WT - 210.0 would indicate that the water temperature is above safe operating limits.) The 
engine will resume gas operation when the value falls returns to an acceptable range. 

ECU Locked Out on Faults. This shows that the ECU has determined that too many 
faults of one kind have occurred and that the engine will not run on gas until the problem has been 
fixed. After the problem is remedied, use the ALT and HOME buttons on the status screen to 
acknowledge the fault. 

Long Pause in Process. The ECU has determined that a longer period of time than usual 
is needed before re-attempting gas operation. Use the ALT and HOME buttons on the status 
screen to shortcut this wait if it is unnecessary. 

Pilot Stop Test Active. When the ALT and the PG DN buttons on the status screen are 
simultaneously depressed, the pilot fuel rams -will be activated if: (1) The engine is off gas and not 
running, (2) the MR/EN (enable) is off, and (3) the gas pressure is less than 25.0 psi 

Pilot Stop Test Canceled. Occurs when one of the above conditions is not met. 

Replace Ether Canisters. This indicates that there is less than 30 seconds of ether left in 
the canisters and that they should soon be replaced. 

Reset the Ether? When the Ether canisters for the cold start system are replaced, the 
ECU should be informed that the canisters are full. This is done by simultaneously depressing the 
ALT and PG UP buttons on the status screen. To confirm the resetting, press the PG UP button. 

Attention - ECU's SBC-53 Battery Low. This is a rare message indicating a low CPU 
battery that needs to be reported to ECI. 

Initializing ECU... This message should appear on power-up. If it is seen repeatedly, it 
may indicate that the power to the ECU is inconsistent. 

Initialization Error. This message indicates that the computer memory or hardware is 
faulty. 

ECU Hardware not responding. IHardware Fault! This message occurs when one of 
the peripheral computer cards is faulty. 
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5.4 The ECU 

The ECU is a microprocessor-based controller that controls main engine parameters such 
as speed and GIV timing, monitors engine performance, and records and displays important 
operating data and engine diagnostic data required for maintenance purposes. The ECU is 
completely integrated with the existing ECP so that local controls on the ECP can be used as 
originally intended for local operation, or so that the ECU can be used for fully automatic 
operation, utilizing the monitoring and control functions already available on the ECP and 
switchgear and adding to them, as required. 

5.4.1 ECU Status Screen. Data from the ECU can be obtained on the ECU status 
screen (Figure 5-2) located near the ECP. Information such as exhaust temperatures, other 
system temperatures and pressures, and gas system fault conditions can be read from the status 
panel display. To reach the desired information screen, press the PAGE UP/PAGE DOWN buttons 
as necessary (Fig. 5-3). The panel can also be used to initiate other functions, such as air ram test 
cycles, by pressing certain combinations of buttons. (See the troubleshooting section and 
individual system maintenance sections below.) 

Figure 5-3 shows, in order, the titles of screens that are available by using the 
PAGE UP/PAGE DOWN buttons. From these menu titles, specific information needed for the dual- 
fuel engine can be accessed. To access fault histories, scroll PAGE DOWN through the items listed. 
To skip fault histories, scroll PAGE DOWN through the items listed, or use the PAGE UP button. 
Other button sequences for control of the status screen are as follows: 

ALT + PG DN = Rack Stop Test 

ALT + HOME = Acknowledges an Alarm 

ALT + PG UP = Ether reset (new ether canisters have been installed) 

The HOME button will return the screen to ECI, ALL VALUES unless a fault exists, then 
HOME will take you to FAULT/CONDITION. 

5.4.2 Computer Interface. The ECU can be connected to an IBM compatible computer 
through its serial communication port. The computer (a laptop for example) can display more 
information at one time than is available on the status screen. The computer may also be used for 
retrieving data files that the ECU has recorded. 

The ECU may have its operational parameters adjusted through the serial port by making 
changes to one of its control files and loading the new code. The door of the ECU must be 
opened in order to gain access to the serial port connector on the SBC V53 control board. ECFs 
software must be used to communicate with the ECU. Table 5-2 provides guidance for using a 
laptop computer to communicate with the ECU. 

5.4.3 Using LCD Screen Editor. Simple changes/adjustments in the files 
CONTROL.TXT (which stores values of operating parameters for the ECU, Table 5-3) and 
ALARM.TXT (which stores parameter values for alarm settings) can be modified without the use 
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of a laptop by using the LCD screen buttons (Note: To effectively use this editor the user needs 
to be trained by the supplier of the ECU (ECI) to ensure a full understanding of the effects of the 
changes being made.) 

This editor can only be used when the unit is not running on gas and when ECU 
functions are not otherwise needed. The following steps apply. 

1. After starting the editor the screen will display a list of *.TXT. 

2. Move through the files with the UP/DOWN buttons and select a file with the 
HOME button to get into the edit mode. 

3. Edit mode controls: 

• UP and DOWN buttons move up and down through file 

• DOWN/HOME together to move right 

• UP/HOME together to move left 

UP and DOWN together- toggles between moving through the file and 
character change mode (large blinking cursor). 

When in character change mode, UP and DOWN buttons change the 
character at the cursor. 

• ALT button to exit and save 

4. When finished, the ECU will automatically reset and run the control program. 

5. If left unattended for several minutes the editor will stop and the ECU program 
will start automatically. 

5.4.4 ECU Dial-Up Software. Table 5-4 describes the hardware requirements, computer 
set-up, the files used, and the control keys for accessing the ECU from a remote location. 
Figure 5-4 shows one of the screens available as graphic output at the remote location along with 
the nomenclature that applies to the entries on this screen. 

5.4.5 Static Protection Precautions. Generally, the ECU chassis should not be opened 
unnecessarily. If a troubleshooting procedure requires work to be done inside the ECU, static 
electricity protection procedures must be followed. The following points should be observed 
when working inside the ECU or handling circuit boards: 

•    Turn off the system power before any connectors or boards are removed or installed. 
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• Put on a static grounding wrist strap such as 3M model 2210 before installing circuit 
boards or checking internal ECU connections. Wrap the Velcro strap around one 
wrist and clip the lead to the metal chassis of the ECU. Be sure the lead stays clipped 
to the chassis during the work. 

• Do not remove circuit boards from static protective packaging until just before 
installation. 

• Place replaced circuit boards in static protective packaging and return to ECI. 
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Autostart Flowchart 

Global Conditions: 

If Leak.Detection shows 
failure Gas Hain is shut off 

If Exhaust Fan dies - shut 
down engine if running and 

wait for a reset. 

If the ECU is reset or 
stopped for less than 5 

minutes while the engine is 
running on gas, it will skip 

to step 18 

if in remote mode and the 
online signal is turned off 

or: 

if in local mode and the 
start switch turned off 

or: 

if SDR turns off after the 
engine has been started 

or: 

If engine speed goes to 0 
after the engine is started 

or: 

If Fan dies at any time 
after the gas main has been 

opened 

I 

To step #91 - engine 
shut down 

1 

Receive Online request (Remote 
mode) or Start swtiched on 

(Local mode) 

1 
2 

RPH=0? 

leT 

LDS Test 

1 
Fan Test - Turn on 
fan and wait for 

at most 20 seconds 
for air flow 

signal to show up. 

5 
Energize main 
gas valve and 
GCOV for T1 
seconds and 

close main gas 

▼ 
6 

Perform gas 
pressure test - T2 
stabilizing time. 
T3 is leak check 

time 

7 
Turn 

& 
off 
GMN 

GCOV 
on 

Continue with 
startup 

To step 91 - 
-   shutdown 
"^ with retry 

Failed 

Report 
Failure, turn 

on fault 
light, turn 

off GCOV, and 
wait for 

Online signal 
to be reset. 

Failed 

Fail 

Current wait  times(in seconds) 

ed 
T1 = 3, 
T2 = 5, 
T3 = 25, 
T4 = 30, 

T5 = 
100, T6 
= 2, T7 
= 15 T8 
= 300, 

T9 = 180 

Figure 5-1. Autostart flowchart. 
(Used by permission, Energy Conversion, Inc., U.S.A., 1996.) 
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12 

Wait T4 
seconds 

11 

Energize 
prelube 

pump (PRE) 
for 1 

second. 

30 

T8 second wait 
for air 

pressure to 
build 

i. 
13 

(ALM) sounds - 3 
blasts, screen 

indicates 
"starting 
engine' 

14 

(BAR) engine for 
T5 sec,Then wait 

T6 sec (Skip 
this if not the 

first time 
through). 

wait for (RTS) 
engine ready 
to start (max 
5 min. wait). 

90 

Shut down 
engine 

Exceeded 
-max-wa+t- 

crankin« failed 

If engine 
already 

(CMC) Engine 
and start.( 
max wait 10 
seconds for 

RPMs) 
Starte* 

IocaI mode ode 

time Stalked 
remote mode 

18 

Wait for 
Autoload 
signaI in 
and BRK=0 

22 

(SY) 
enable 

21 
Wait 

T7 
sec. 

20 

when UT>=100 
(GUP) until > 

880rpm (max wait 
2 min,) 

19 

(GUP) until 
over 600 

rpoKmax 1 min. 
wait). 

23 

Mimic GUP-GDN 
input signals, and 
monitor for (BRK). 
(max wait 7 min) 

If brjeaker 
already 
clojsed 

Engine shut down sequence 

r 
If breaker 
is tripped 

1 
24 

(BRK) Goes 
from 0-1. 

Disable (SY). 
pulse GUP for 

.1 second 

25 

Control engine speed 
to reach setpoint 
load while keeping 
RPM under 910 and 

over 880 

91 

(GDN) to 50 KU, trip 
the breaker,(GDN) to 

500 RPM 

Cool down for T9 
seconds 

Kill engine with (ER) 

wait for online or start 
signal to be renewed 

Figure 5-1. Autostart flowchart. (Cont'd.) 
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TO ECU 

Figure 5-2. ECU status screen. 
(Used by permission, Energy Conversion, Inc., U.SA., 1996.) 
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Figure 5-3. ECU status screen page sequence. 
(Used by permission, Energy Conversion, Inc., U.SA., 1996.) 
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In the View program the keys: 

Fl - show the analog sensors in the bottom window 
F2 - show the average screen in the bottom window L - toggle logging on/off - this will record the 

data into the file ECU.LOG 
[ESC] - quit the program 
[Space] - while in playback mode, to step through a log file 

the View screen 

«"-go US o lÄllI 
llllllll 

""goSSl 
ÜüÜ ■ :<k 

i-;öj5p;i-äi3fai.l<*i»:ij! 

■!!■■      ■■ 
m Hü H S| IB Hi BB| 

Figure 5-4. Screen one of remote computer readout. 
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Description of the screen elements: 

Digital Inputs Bits: 
Enab - Gas run enable switch - needs to be on for gas operation 
VSS - Valve sequencer status - will be on when running on gas 
PSS - Power Supply Status - turns off if the power supply is faulty 
VTS - Valve Temperature Switch -trips off if a gas valve overheats 
RTS - Ready To Start - turns on after baring engine 
ST - Start - momentary start button 
REM - Remote/Local switch - turns on when in remote, off in local 
ONL - Online request - requests engine to be online while in remote mode 
ALD - Autoload - ECU will autoload engine in local mode if up 
GUP - Governor Up signal 
GDN - Governor Down signal 
SDR - Shut Down Relay - turns off to shut down engine 
ALM - Engine Alarm signal 
BRK - Breaker - turns on when synchronizer closes the breaker 
FAN - turns on when fan runs 
CA - Cold Air Relay - turns on when cold air system is on 
LDS - Leak Detection System - turns off if a gas leak is detected 
CON - Condition - a condition has occurred that prevents gas operation 
FLT - Fault - a fault has occurred that prevents gas operation 

Digital Output Bits: 
DCR - Diesel Control Ram - when on this energizes the Diesel Control Ram 
GR1 - Gas run 1 - enables gas to flow to the gas injectors 
RK2 - Rack Stop #2 enable 
RK3 - Rack Stop #3 enable 
VSE - Valve Sequencer Enable - ECU turns this on to enable the valve sequencer 
FAN - Fan enable - starts the ventilation fan 
ER - Engine Shutdown - picks up the ER relay on generator 
CAR - Cold Air Relay enable 
ETH - Ether Injection - injects ether into engine during startup 
PRE - Prelube - starts the prelube pump 
ALM - Alarm - echoes the ALM input and sounds a start-up warning horn 
BAR - Bar engine during autostart 
GUP - Governor up - echoes the GUP input during autostart 
GDN - Governor down - echoes the GDN input during autostart 
CNK - Crank engine - energizes the starter 
SYN - Synchronizer enable - enables synchronizer during autostart 
BRK - Trip Breaker - 
GMN - Gas Main - when on, this opens the main gas valve outside the generator compartment 

SCFM - gas flow in Standard Cubic Feet Per Minute 
RPM - engine speed 
HF7KW - horsepower & kilowatts 
Air Valve - position of the air throttle valve 
GasT - Gas Temperature 
WatT - Jacket Water Temperature 
AbxT - Air Box Temperature 
AmbT - Ambient Temperature 
CJCT - Cold junction compensation temp, for thermocouples 
DiffP - Gas Differential Pressure 
GasP - Gas Supply Pressure 
AbxP - Air Box Pressure 
CtAP - Control Air Pressure for gas valves 
HdrP - Gas Header Pressure 
Kwatt - Kilowatts 
C1-C16 - Exhaust Temperatures for each cylinder 
Avg - average exhaust temperature 

The upper right hand window shows the on/off gas status along with other important occurrences. 

Figure 5-4. Screen one of remote computer readout. (Continued) 
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Table 5-1. Alarm Setting Criteria 

Name Description. gas 
operation 
affected 

low 
limit 

low 
alarm 
clear 

high 
alarm 

clear 

high limit time off 
after clear 

# faults 
before long 

pause 

long 
pause 
time 

max# 
pauses 
before 

lockout 

WT water 
temperature 

Yes 145F 160F 195F 200F 10 Sec. 10in4hr 4hrs. 1 

GT gas temperature. Yes 5F 22F 100F 170F 10 Sec. 10in2hr Ihr 1 

ABxT air box temp. Yes 84F 95F 185F 210F 10 Sec. 10in2hr 2hrs 1 

AmbT ambient 

air temp. 

No n/a n/a 120F 125F n/a n/a n/a n/a 

CJCT cold junction 

temperature 

No n/a n/a 120F 180F n/a n/a n/a n/a 

GasP gas pressure Yes 70psi 80psi HOpsi 115psi 10 Sec. 15in2hr 4hrs 1 

CtAP control air 
pressures. 

Yes 115psi 123spi 138psi 147psi 10 Sec. 15in2hr 2hr 1 

HdrP header pipe prs Yes n/a 20psi 75psi 20 Sec 10in2hr Ihr 2 

DifP differential 
pressures 

Yes n/a 30psi 32psi 30 Sec 5in2hr Ihr 2 

AbxP air box pressure Yes n/a 19psi 22psi 20 Sec 10in2hr Ihr 2 

RPM engine speed Yes 770rpm 880rpm 915rpm 925rpm 10 Sec 5 in2hr 2hrs 10 

KW Killowatts Yes 300 1650 1700 20 Sec. 10in2hrs Ihr 2 

AFMix air/fuel mix ratio Yes n/a 3.8:1 6.5:1 1 Sec 15in2hr 2hrs 15 

Ptest autostart 
pressure test 

Yes must pass test during 

autostart 

ExhAv average exhaust 
temp 

Yes 250F 300F 1200F 1250F 10 Sec 15in2hr Ihr 2 

MR/EN gas enable Yes signal must be on 1 Sec. n/a n/a n/a 

Fan ventilation fan Yes fan must stay on 30 Sec. 10 in 2hrs 2hrs 1 

Vseq valve sequencer Yes signal must stay on when running on gas 10 Sec. 5 in2hrs 2hrs 2 

LDS leak detection 
system 

Yes a leak is indicated if the signal is off 10 Sec. 1 in lmin lmin 2 

CA cold air feedback Yes must stay up if cold air relay is energized 5 Sec. 5 in2hrs 2hrs 2 

PowS power supply 
status 

Yes power supply is faulty if signal is off 5 Sec. 2in2hrs 2hrs 1 

ALM gen. set alarm 
signal 

Yes engine alarm indicated when signal is on OSec. 0 n/a n/a 

SDR shut down relay Yes when signal is off, the engine is shutting down 1 Sec 10 in 2hrs 2hrs 1 

VTS valve 
temperature 
switch 

Yes when the signal is off, a valve has overheated, if 
in 90 seconds the signal doesn't turn on the 

engine will shut down 

20 Sec 50 in 2hrs 2hrs 2 
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Table 5-2. Laptop Communications with the ECU 

1) Connecting to the ECU 
To communicate with the ECU use a null-modem cable connected to the serial port (Com1 or 

Com2) of your laptop or PC. The other end is connected to the SBC53 rack card's connector 
J1 inside the ECU. 

2) Establishing communications with COMM.EXE 
First, go to the directory in which COMM.EXE resides (probably c: \ws). If you are hooked to 

Com1 then type COMM [ENTER] . If you are hooked to Com2 type COMM /Com2.  The ECU 
communicates at 2400 Baud. Check the baud rate at the bottom of the screen to see if COMM 
is also communicating at 2400 Baud. If not, press [ALT+B] successively to change the baud 

rate to 2400. 
To stop the ECU from running control code and to get into DOS, press [ESC] . You should 

see the DOS prompt B: \ 
You may now use many familiar DOS commands such as DIR, REN, COPY, TYPE  

To exit COMM, press [ALT+X] 

3) File Transfers 
To transfer a file from the laptop to the ECU type (from the B: drive): 

1)TRANSFER   {filename}[ENTER] 
2) [PAGE UP] - COMM will now prompt for a file name 
3) type in the filename to transfer and [ENTER] 

4) select X for the XMODEM transfer protocol 
the file will now transfer to the ECU - a string of TTTTT ... will appear 

To transfer a file from the ECU to the laptop type (from the B: drive): 
1)TRANSFER  -S   {filename}[ENTER] 
2) [PAGE DOWN] - COMM will now prompt for a filename 
3) type in the filename to transfer and   [ENTER] 

4) select X for the XMODEM transfer protocol 
the file will now transfer to the laptop - a string of RRRRR ... will appear 

4) Changing to a higher baud rate for faster transfers 
For large files, 2400 Baud can be slow. To speed up the baud rate use BRC.EXE. Type BRC 

7 [ENTER] - this will change the baud rate to 57600. Now press [ALT+B] until 57600 appears at 
the bottom of the screen and press  [ENTER] to get the DOS prompt back at the higher speed. 
* Note - when you start the control code running again the baud rate will revert back to 2400 
baud automatically 

5) Files on the ECU and what they do: 
ECU.BAT - start-up and contains the control code 
ECUPROG.EXE - the main control code file 
ALARM.TXT - holds gas system alarms 
CONTROL.TXT - holds data prescribing options for the code 
JAN95.PRF - a daily performance file (gas use, KW hours, etc.) 
BITTEST.COM - utility to turn on & off selected bits (type BITTEST for options) 
PWMTEST.COM - utility to test the pulse width output (type PWMTEST for options) 
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Table 5-3. Listing of Computer File CONTROL.TXT 
Which Provides Reference Data for ECU 

CYLINDERS (8,12,16,or20) 
16 

Gas On & Off Sequence - timed sequence in 100th of seconds 
gas valves are time 0 - others are timed after valves 
DieselControl/TNRelay Bit, GR/R1, R2&3 

ON SEQUENCE 
50 10 10 
OFF SEQUENCE - same as above, expressed as lOOths of a second before valves turned ofF 

20 30 30 

; Rack Stops- value 1 is low threshold, value 2 is high threshold, 
; S indicates RPMxlO, H indicates Horsepower control 
RACKS - Rack 2, Rack 3 
500 540 H 
4000 6000 S 

; Cold Air Relay - if any of these (hp,gt,wt,abt[throttle]) go below their limit 
; CAR will switch to 'switch value' 
COLD AIR RELAY - On/Off switch_val Pacesetter_on/off HP GT WT ABT[0-8] 
1 0 0 1000 0 12000 1700 1700 1700 1700 1700 1700 1700 1700 1700 

;LEI 
; engine needs to run over 'EngineRunning' RPMxlO for 20 seconds to run lei 
; can also enable/disable pacesetter and noload modes of LEI 
LEI - on/off EngineRunning pacesetter(l/0 = y/n) NoLoad(l/0 = y/n) 
0 2000 1 1 

; Fans - successive # of fans & hot engine signal are turned on as wt goes above each point 
; Fanl (tn 0 - 8),Fan2 (to 0 - 8),Fan3 (to 0 - 8);HotEngine value 
FAN CONTROL - on/off 
0 
1900 1900 1900 1800 1800 1800 1800 1750 1750 
2000 2000 2000 1900 1850 1850 1850 1800 1800 
2050 2050 2050 2000 1900 1900 1900 1850 1850 
2120 

;Pid 
PID - speed active, air active, excitation active 
010 
; DownRate Cutlimit Stepsize Delay AfterTransitionResetNotch 
500 6000 20 1 4 
; setpoints[0-8], reset[0-8,Air,Exc], P[0-8,AirP,ExcP], I[0-8,AirI,ExcI], D[0-8,AirD,ExcD] 
00 3100 3900 5000 5700 6650 7380 8320 9020 2130 0 
0 5000 7500 12500 13500 15000 17500 18500 20000 19000 5000 

500 25 180 180 180 180 180 180 180 500 100 
30 30 50 60 50 50 50 50 50 500 100 
950 40 170 190 175 150 140 140 140 25  10 

5-16 



Table 5-3. Listing of Computer File CONTROL.TXT 
Which Provides Reference Data for ECU (Continued) 

AIR THROTTLE prs setpts for 0% 25% 50% 75% 100% of max hp (10th pid stpt), 0% & 100% pulse 

width numbers 
80 100 120 130 160 5200 7200 

• Cold Start 
COLD START - On/Off,Start Delay(100th of sec),Min Crank RPMxlO, Max Crank RPMxlO, 

HysteresisxlO, 
; Cut Out RPMxlO, (ML of Ether/sec)xl0, (MLxlO in a full can) 
1 100 250 6000 2000 200 25 8330 

PRESSURE SCALE 
;full scale for channel 6,7,8,9,10,1 l(KWatt on gen set),12,13,14,15 
35 250 30 250 250 2500 1 500 20 20 

IDLE CONTROL 
0 
THROTTLE NOTCH 
0 
DIESEL CLEANOUT 
0 
KVA INPUT 
1 
ORS TIME 
0 
THERMOCOUPLE 
J 
KIT VERSION 0-Navy 1-Sundowner 2-Locy ... add more later 

0 
CALLBACK 
ATDT 99222258 

DIGITAL LABELS 
EN,VSS,PSS,VTS,—,RTS,ST,REM,ONL,ALD,GUP,GDN,SDR,ALM,BRK,FAN,CAR,LDS,—,—,-- 

DCR,GR1 ,RK2,RK3, VSE,FAN,ER 
,CAR,ETH,PRE,CON,FLT,BAR,GUP,GDN,CNK,SYN,BRK,GMN,ALM 3 ) •> 5 

AUTOSTART 
on/off, load_setpoint(xl0), load_maximum(xl0), 
timesl-10(energize,stabilize,leak check,prelube,bar,afterbar,before synch,retry crank,cool down,spare 

time 123456789 
1 15000 times found in chart tl-t9 

1 15000 17250 3 5 25 30 100 2 15 300 180 
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Table 5-4. Accessing the ECU From a Remote Location 

(A) Hardware requirements: 

IBM 386 or higher PC 
2400 baud modem 
VGA video capability 

(B) Setup: from the floppy drive type install <ret> and follow instructions when asked for com 
port and phone number. The following files need to be installed on the c: drive: callecu.bat, 
viewcabat, dialup.exe, hangup.exe, and view.exe. 

(C) File functions: 

CALLECU.BAT - dials the ECU and starts the VIEW.EXE program 
VIEW {filename} - replays a previously recorded log file (e.g. VIEW ECU.LOG) 

VIEW [/Coml][/Com2] - will start the view program when a laptop is connected to the 
ECU via a null modem cable. The null modem cable needs to be connected to the SBC- 
V53 board in the ECU. Disconnect the serial cable from the 2401 modem card and connect 
the null modem cable to the 9-pin connector at the end of the ribbon cable. When finished 
using the laptop, reconnect the ribbon cable to the 2401 modem card. 

(D) Within the VIEW program use the following keys: 

Fl - to show the analog sensors in the bottom window (Figure 5-4) 
F2 - show the average screen in the bottom window 
L - toggle logging on/off - this will record the data into the file ECU.LOG 

ESC - quit the program 
Space - while in playback mode, to step through a log file 
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6.0 FIELD SITE INSTALLATION, MAINTENANCE, AND TRAINING 

6.1 Site Requirements 

Site requirements for installation and operation of the 1,500 kW dual fuel diesel generator 
set are identical, with two exceptions, with those required for the unmodified diesel units. Those 
two exceptions are: (a) the requirements for a natural gas supply, and (b) a capability to 
communicate electronically with remote sites for the purposes of both control and for data 
transmission. The site drawing for installation of the 1,500 kW unit at SUBASE King's Bay GA 
is shown on Figures 6-1 and 6-2. The unit is located across a roadway from an existing boiler 
plant, and the engine house and the switchgear house are each located on separate concrete pads. 
Trenching was provided to the unit for running (a) the natural gas supply line, and (b) the diesel 
fuel supply line along with a 4-inch electrical conduit for electrical power transmission cables and 
a 1-inch conduit for communication lines. 

6.2 Maintenance Schedule and Procedures 

Maintenance procedures for the engine generator set for subjects other than those directly 
connected to the dual fuel conversion are the same as those for which standard maintenance 
procedures are already available (Ref 6-1). Several of the subjects dealing specifically with the 
dual fuel conversion are discussed in Appendix C. More detailed information is available in 
Reference 4-2. A recommended schedule for periodic maintenance activities is provided in 
Table 6-1. The subjects addressed in the appendix are special tools, injector calibration, injector 
settings and adjustments, a recommended spare parts list, and a trouble-shooting guide. 

6.3 Training 

Training is required in the areas of both maintenance and operation. A major step in this 
direction was taken by the decision to use MUSE personnel for installation of the dual fuel system 
on the MUSE unit and for its start-up. This established a hands-on familiarity within MUSE of 
the complexities of the installation and of the operational features of the dual fuel system. In the 
process of the installation of this system and its subsequent start-up, the adequacy of the suppliers 
publications (Refs 4-1, 4-2, and 4-3) for describing installation, operating and maintenance 
procedures was demonstrated. Therefore those documents provide not only the basic technical 
knowledge of the dual fuel conversion, but with supplementary knowledge provided by ECI 
bulletins and by this document, the background needed for personnel to understand the 
conversion is provided. In addition, as this dual fuel conversion is now being implemented by 
other commercial users, a one and one-half hour training video (Ref 6-2) prepared by ECI, is now 
available. 
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Table 6-1. Recommended Maintenance Schedule 

Inspections 

Verify gas operation 

Observe gas hours of operation and log entries 
of faults experienced. (Available on ECU 
information screen or by remote phone link.) 

Aftercooler pump 
Inspect operation 
Lube 

GIV oiler service 

Test gas quality 

Record gas filter differential pressure 

Inspect gas supply line and pipe fittings for leaks 

Inspect gas system leak detection system 

Gas flow control valve 
(Spray-lube the linkage swivel joint between 
governor arm and gas flow control valve arm 
in two places. Use LPS3 or a similar lubricant.) 

Leak detection system sensor inspection and calibration* 

Inspect/calibrate exhaust thermocouples 

Inspect/calibrate all other sensors 

Lubricate ECU fan 

Frequency 

Daily 

Daily 

Weekly 
Quarterly 

Weekly 

Monthly 
(Weekly for first six months) 

Monthly 

Monthly 

Monthly 

Monthly 

Semi-annually 

Annually 

Semi-annually 

Annually 
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Table 6-1. Recommended Maintenance Schedule (Continued) 

Parts Replacement 

Gas Flow control valve* 
(Disassemble valve and replace O-rings and seals 
when engine is rebuilt or if it is leaking.) 

Change GIV actuation seals 

Gas cutoff valve (replace O-ring seals) 

Control air regulator 

GIV gas lines (internal on engine) 

Gas inlet valve (GIV) (unit exchange) 

Aftercooler coolant pump (rebuild) 

Heat exchanger zinc anodes 

Frequency 

5-7 years 

8,000 hours of operation 

5 years 

5 years 

5 years 

5 years 

5 years 

5 years 

* Gas Flow Control Valve should not require maintenance on internal parts unless gas filter is not serviced 
properly. The valve must be kept clean and free of internal debris to function properly. 
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7.0 CAPITAL AND OPERATING COSTS OF THE DUAL-FUEL MUSE GENERATOR 

The capital requirements for conversion of MUSE engine generator sets to dual fuel 
operation consist of hardware costs, installation costs, and the costs for an inventory of spare 
parts. These are summarized in Table 7-1. Hardware costs are, largely, covered by the cost of 
the dual fuel conversion kit provided by the supplier. This kit has been developed, specifically, for 
generator sets using the EMD 645 engine, and most hardware items that will be needed for the 
conversion are included. The exceptions, in the present case, are caused by requirements that 
result from the special 'packaging' of the MUSE engine generator sets into mobile units required 
by the Navy. These special requirements, and their impact on the system hardware costs, are 
identified in the table. The costs for installation (labor) are estimates based both on the labor 
involved in the conversion of this MUSE unit and on the conversion of subsequent commercial 

units. 
The cost per kilowatt of power for the dual fuel conversion is a function of the size of the 

unit converted and of the fraction of the rated horsepower at which the engine is operated. The 
data in Table 7-2 provide estimates of this cost for retrofitting existing MUSE diesel generators 
for dual fuel operation, the cost additive for including a secondary chamber ignition system in the 
dual fuel system, and the cost of replacing the MUSE diesel generators with new, spark-ignited, 
gas-fired engine generator sets. 

It is anticipated that the operating costs for dual fuel MUSE generating sets will be 
substantially less than those for diesel operating units. These savings are due, primarily, to 
anticipated fuel savings, but also due to some labor savings as a result of the automation of the 
operation of the units. Operational added costs would result from the requirement of maintaining 
some additional hardware. These costs are summarized in Table 7-3. 
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Table 7-1. Capital Costs for Converting of Navy MUSE 
Generating Sets to Dual Fuel Operation 

16 Cylinder 20 Cylinder 

(1 500 kW) 
(K$) 

(2, 500 kW) 
(K$) 

Hardware costs 
ECI dual fuel kit* 225 250 
Supplementary hardware costs for 12 14 

MUSE units* 

Installation and startup (labor, services)! 45 55 

Totals 282 319 
Cost/kWJ 188 128 

*ECI's dual fael conversion kit has been assembled to provide essentially all hardware components required for this conversion. 
This includes preassembled wiring harnesses ready to be drawn through conduits and connected to their terminals. However, 
the kits do not include hardware items that are unique to the MUSE application. The latter include a larger air compressor and 
other miscellaneous hardware. 
•(•Installation and startup include 700 to 900 hours of labor plus other services. 
JThe cost effectiveness of converting 2,500 kW units is significantly improved both because the engine in the 2,500 kW 
application is required to work at a level much closer to its rated horsepower and because the costs are common to the units and 
of the same amount. 

Table 7-2. Estimated Costs for Four Approaches to Achieving Lo-NOx 

Muse Engine Generator Sets 

Estimated Estimated 
Total Cost Cost/kW 

Approach (K$) ($) 

I EMD 645 dual fuel conversion 
(16 cylinder-1,500kW) 

282 188 

II EMD 645 dual fuel conversion 
(20 cylinder - 2,500 kW) 

319 128 

in EMD 645 dual fuel conversion with 
secondary ignition chamber* 
(20 cyclinder - 2,500 kW) 

379 152 

IV New spark-ignited natural gas enginef 
(1,200 kW) 

425 354 

*Based on estimated costs for a secondary ignition system for the EMD 645 engine as discussed in Section 2.0. 
fBased on cost of new engines available on the market installed in the required Navy MUSE configuration. 
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Table 7-3. Estimated Operating Costs of Navy MUSE Generating Sets (2,500 kW) 
for Diesel and for Dual Fuel Operation 

Fuel cost/1,000 hrs. operation* 

Operating labor (daily start/stop)f 

Maintenance adder for natural gas 

Totals/1,000 hrs. of operation 

Totals/1,000 hrs. of operation 

Energy cost (cents/kW-hr) 

Diesel Fuel Natural Gas 
(K$) (K$) 

210 92 

8 1 

5 10 

223 103 

tion             282 319 

)                    8.9 4.1 
»Fuel costs were calculated based on those applicable for the dual foel unit installed at SUBASE King's Bay, GA For that 
installation, the equivalent cost per therm (100,000 Btu's) was .33/therm for natural gas (including a 10% penalty for loss in 
efficiency for natural gas firing) and .75/therm for diesel fuel. 
tAn operational cycle of 10 hrs/day of operation for 100 days was assumed. A labor rate of $40.00/hr was assumed. 
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9.0 GLOSSARY 

The following abbreviations have been used to describe major components of the dual fuel 
conversion system: 

Abbreviation    Definition 

ASC Air service cabinet 

BDC Bottom dead center 

BTu British thermal unit 

DF Dual Fuel 

DP Differential pressure 

ECI Energy Conversions, Inc. 

ECP Engine control panel 

ECU Electronic control unit 

El Early injection 

EMD Electro-Motive Division of General Motors Corporation 

FRL Filter/regulator/lubricator 

GCOV Gas cutoff valve 

GFCV Gas flow control valve 

GIV Gas injection value 

gm/HpH grams per horsepower-hour 

LCI Late-cycle injection 

LDS Leak detection system 

LEI Low emission idle 

LEL Lower explosion limit 

LNG Liquefied natural gas 

MUSE The Navy's mobile utilities support equipment 

NG Natural gas 

NOx Nitrogen oxides (nitric (NO) and nitrogen dioxide (N02) 

RPM Revolution per minute 

SCAQMD South Coast Air Quality Management District 

SCF Standard cubic foot 

SCFM Standard cubic foot per minute 

SCR Selective catalytic reduction 
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Abbreviation Definition 

SG Switchgear 

SGP Switchgear panels 

SNCR Selective non-catalytic reduction 

SwRI Southwest Research Institute 

TDC Top dead center 

VTS Valve temperature switch 
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LETTER REPORT REGARDING FIRE SAFETY MEASURES FOR 
CONVERSION OF USN MUSE DIESEL-GENERATOR UNITS FROM DIESEL 

TO NATURAL GAS FUELING 
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GAGE-BABCOCK & ASSOCIATES, INC. 

SAN FRANCISCO OFFICE • 1990 NORTH CALIFORNIA BLVD., SUITE 200 • WALNUT CREEK, CA 94596 • (510) 930-8000 
FAX (510) 930-0433 

THOMAS W. JAEGER, PE, President 

JOHN E. WOYCHEESE, PE, Principal 

July 12,1994 

Mr. Norman Helgeson 
Mechanical Engineer 
Energy and Environment Department 
Naval Civil Engineering Laboratory 
Port Hueneme, CA 93043 

Subject: Letter/Report   Regarding   Fire   Safety  Measures   for  Conversion   of  USN   MUSE 
Diesel-Generator Units from Diesel to Natural Gas Fueling 

Dear Mr. Helgeson: 

The report given below examines the measures necessary to provide a reasonable level of fire 
safety in portable diesel engine driven diesel-generator units to allow for the addition of 
natural gas fuel capability. The suggestions given are conceptual in nature and do not 
constitute a detailed design documents such as would be necessary for equipment 
installation. 

Introduction 

The Navy is currently employing several diesel-generator units for mobile and emergency 
power uses. The skid-mounted units are to be converted from diesel to natural gas fuel to 
minimize exhaust emissions. This report contains findings and recommendations of a fire 
safety study. It analyzes measures needed to provide a reasonable level of safety against 
the hazard of fire or explosion due to the release and subsequent ignition of natural gas 
inside the diesel generator housing. 

This study was requested by Mr. Norm Helgeson of the Naval Facilities Engineering Service 
Center (FESC). It was conducted under the direction of Jack Woycheese, P.E., Principal. 
Field work, evaluation and report writing was conducted by Ralph Kerwin, P.E., Senior 
Engineer. A field walkdown was conducted on July 7, 1994. Attending the walkdown were Mr. 
Helgeson, Master Chief Petty Officer Ron Kluender, Chief Petty Officer Jim Riley, Mr. Rand 
Drake, PO-1 Al Willey and PO-1 John Love. Gage-Babcock and Associates gratefully 
acknowledges the assistance of the above personnel and Mr. Scott Jensen of ECI in providing 
technical information used for this assessment. 

Summary of Recommendations 

Based on a review of drawings and technical information, together with field observation, 
Gage-Babcock and Associates concludes that electrical classification of the D-G enclosure 
is not required, providing that the following measures are observed: 
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1 Provide welded or threaded gas supply piping. The use of flanged or bolted fittings 
should be minimized (and eliminated if feasible). All piping, fittings and valves 
should be rated for a minimum of 150 psi. Bubble test joints under full design 
pressure. 

2 Provide a supervised methane detector at ceiling level above the engine (see 
Attachment 1 for suggested location. The detector should be rated for the expected 
air flow rates in its suggested location. 

3. Provide an independent air flow sensor for the fan to positively identify when the fan 
is operating. A dependable sensor without moving parts (such as a venturi-style 
device) is suggested for maintenance reasons. 

4. Interlock the fan and the methane detectors to shut down the gas supply upon either of 
the following conditions: 

a. Gas supply valve is open and fan is not running. 

b. Methane  is detected in a concentration greater than  1% by volume in air (this 
represents 20% of the lower flammable limit). 

5. Provide a self-check sequence at startup. The ability to activate non-classified 
(spark producing) electrical equipment should be contingent on a clear reading from 
the gas detectors following verification of supply pipe pressure integrity (see 
Attachments 2 and 3). 

6 Following   engine   stop   signal   and   switchover   to   100%   diesel   fuel   operation,   provide 
for   automatic,   momentary   opening   of   the   gas   cutoff   valve   and   gas   vent   valve   to 
depressurize gas piping in the engine enclosure. 

7. Institute procedures and practices to regulate the use of open flame operations within 
the engine enclosure during maintenance operations and to periodically evaluate 
tightness of any flanged or bolted gas pipe fittings. 

8. Remove the two fan-coil heaters from the engine compartment. If these heaters cannot 
be removed, they must be interlocked to shut down (and cool down) prior to initiation 
of the pressurization test discussed in Item 5 above. 

9 Ensure   that   adequate   safeguards   are   present   in   the   gas   line   to   prevent   a   single 
failure  (such  as   a  regulator)  from  overpressurizing  the  gas  supply  line   and  associated 
equipment above 150 psig. 

Description of D-G Unit 

Enclosure: 

An existing, typical diesel-generator unit is shown on Attachment 1. These units have a 
nominal output of 2300 KW. Each uses a GM Electro-motive Division Model 16-645 E4 engine, 
with 3070 hp. The engine sits in an enclosed compartment with interior dimensions of 
approximately 10 x 10 x 35 feet. A separate, adjacent compartment which contains the 
radiator is approximately 10 x 10 x 10 feet in enclosed dimension. Accounting for space 
occupied by equipment, the available space inside the engine compartment is approximately 
2800   cubic   feet.      Ventilation  within   the   engine   compartment   is   provided   by   a   12,000   cubic 
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feet per minute (cfm) ceiling fan. At its rated flow, this fan provides four air changes per 
minute within the enclosure. The radiator compartment provides air-cooling for a radiator, 
and ventilation rates are extremely high. Three sides of the radiator enclosure are 
substantially open to the passage of air. Attachment 1 shows major equipment locations. 

Proposed Conversion to Natural Gas: 

The proposed conversion of the engine would allow for dual fuel operation, with an option for 
diesel piloted ignition of natural gas. The conversion would be conducted with equipment 
provided by a firm such as Energy Conversion Incorporated (ECI), which has converted other 
engines of this particular make and model for locomotive applications. Maximum natural gas 
flow to engine under normal operating conditions would be 350 scfm at 100 psig. 

Hazard Analysis 

The primary hazard which would exist due to conversion to natural gas would be leakage of gas 
from fittings in the gas supply piping inside the engine enclosure. Leaks could occur at 
flanged or screwed fittings, at the individual load blocks or at jumper hose fittings inside 
the engine cover. Sudden and catastrophic failure of a fitting is not anticipated unless 
caused by gross maintenance error. Such an error would be detectable through a gas detector 
following opening of the gas control valve during startup. 

Natural gas is flammable in air at concentrations between 5% and 15% by volume. The primary 
criterion for not requiring electrical area classification in an enclosure containing 
pressurized gas piping would be that adequate ventilation be provided to ensure that a 
significant quantity of methane-air mixture could not accumulate in concentrations greater 
than 20%. Based on the fugitive emissions calculation method of NFPA 30, the existing 
ventilation rate is considered adequate to provide dilution for leaks of up to 150 scfm. 

A worst case scenario would be an open 1-1/2 inch fitting connection (i.e. open pipe) due to 
maintenance error. Such a break would be detectable through a pressure integrity test 
(described below), which would involve a short period of gas pipe pressurization prior to 
engine start up. The purpose of the pressure test would be to discern piping leaks larger 
than could be handled by the ventilation fan (in excess of 150 scfm). If a worst case pipe 
disconnection were present in the gas piping, the primary restriction to flow would be the 
throttle valve, rated in its closed position at 40 lbs/minute. During and shortly after a 
five second release (the maximum recommended pressurization time period), the possibility 
of a flammable atmosphere would exist During this time period, ignition sources could be 
controlled by operational means (not allowing exposed heating element operation, not 
allowing changes of state in sparking devices such as solenoids). The existing exhaust fan 
consists of an in-line squirrel cage induction motor which drives an aluminum propeller in 
an aluminum hub. This fan is inherently spark resistive and would be considered suitable for 
use to evacuate gas following such a substantial release. 
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Referenced Publications 

1. NFPA 30, Flammable and Combustible Liquids Code. 1993 Edition, Appendix F, "Fugitive 
Emissions Calculations 

2. NFPA    70,    National    Electrical    Code,    1993    Edition,    Article    500,    "Electrical 
Classification." 

3. NFPA   497M,   Manual   for   Classification   of  Gases   ...   for   Electrical   Equipment...,   1991 
Edition. 

4. AMCA Standard 99-0401-86, Classifications for Spark Resistant Construction. 

If you have any questions, please call me at (510) 930-8000. 

Yours sincerely, 

Gage-Babcock & Associates 

Ralph Kerwin, P.E. 
Senior Engineer 

End. 
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ATTACHMENT 3 

SELF-CHECK SEQUENCE FOR GAS PIPING INTEGRITY 

The  following  sequence  of  events  describes  activities which should  be   directed  by  the  Engine 
Control Unit (ECU) prior to engine pre-lube and subsequent start up activities: 

1. Check gas detector to verify no detection of gas above the 1% by volume threshold (20% 
LFL). 

2. Turn on exhaust fan and verify operation by independent air flow sensor. 

3. ECU initiates following activities: 

a. Close normally open vent valve in gas supply line (V2 in Attachment 2). 

b. Freeze all electrical operations requiring the use of spark producing devices 
(relays, etc.). Turn off any air-heating coils within the engine enclosure. 

c. Open main gas valve (Vj) and gas cutoff valve (GCOV). If relay activation in 
the ECU is necessary, provide non-sparking relays for these operations. 

d. After five seconds (maximum), close main gas control valve (V^. 

e. After a brief time delay (say, 30 seconds), verify that gas pressure sensor 
indicates a pressure of at least 80 psi (Note: Individual cylinder valves may 
allow leakage of gas into cylinders for pressures above 85 psig, resulting in 
a rapid decline in pressure from line pressure to 85 psig.) 

f. If pressure declines below 80 psi or if gas detector indicates presence of gas 
over 1% by volume, abort startup sequence and give trouble signal to remote 
location. Close main gas cutoff valve (Vj) and open gas vent valve (V2). 

g. Otherwise, unfreeze electrical operations in engine enclosure, close cutoff 
valve (GCOV) and proceed with pre-lube operation. 
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Appendix B 

SCHEMATIC DRAWINGS OF DUAL FUEL 1,500 kW CONVERSION OF DffiSEL 
POWER PLANTS 
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Included Drawings 

Drawing No.    Title 

761 -DF Air Start System 

766-DF Jacket Water System 

768-DF Interconnecting Cables 

769-DF Interconnecting Cables Mating Receptacles 

772-DF Switchgear Lineup Plan and Elevation 

780-DF AC Generator 

781 -DF Circuit Breaker Control 

784-DF Motor Control Circuits 

788-DF Engine Control Circuits 

788A-DF Engine Control Circuits 

788B-DF Engine Control Circuits 

789-DF Annunciator 

790-DF Engine Control and Subpanel Assembly 

791-DF Engine Control and Subpanel Assembly 

965-DF Metering Cubicle, Door Wiring Diagram 

966-DF Metering Cubicle, Door Wiring Diagram 

966A-DF Metering Cubicle, Right Wall 

967-DF Metering Cubicle, Subpan Wiring Diagram 

969-DF Metering Cubicle, Cable Receptacles Wiring Diagram 

970-DF Circuit Breaker Cubicle, Door Wiring Diagram 

971 -DF Circuit Breaker Cubicle, Subpan Wiring Diagram 

988-DF Connection Diagram, Motor Control Center 

989-DF Connection Diagram, MCC Distribution Panel 

990-DF Connection Diagram, Engine Control Panel 

990A-DF Connection Diagram, Engine Control Panel 

991 -DF Connection Diagram, Engine Control Panel 

993 -DF Connection Diagram, Engine House Equipment 

994DF Connection Diagram, Engine House Equipment 
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•SOLELOIO J4.VE, SPRIUGi CLOSED 

FLEX-OSS 

PIPE PUJG 

■yjUMER. 
GATE -ALVE, NORMALLY  CLOSED 

i  BA 
FOB. 1 

(IM RAD 
RIGHT .' 

NOTE: 
I PAINT OPEF 

COLOR   IMDK 

B-5 



-W-— -WUH»- .f-mnmim 

"UXtET COUPL.ES. OUT<_£T 
(U.-OMATIC SHUTOPF TYPE. 

3 T 

STARTING AIR PRESSURE 
GAUGE ON  ENGINE 
CONTROL PANEL 

SviiDOffral       ,-. *»UTOFF VAJUI6 

V~\    •-vO-iso PSI.CAU6E S^™*"?* **       («) 

A.I8 RELAY        Vy    \_/ 
tZSO/S-ZS P.S.I?)  WITH 0-160 PSI GAUGE) 

NEEO.E VALVE 

TO GAS STSTEM 

CONTROL 2MVi*a 

7)t»   BALL VALVE 
(GREEN) 

2) 28 FT* AM RECEIVE* 

^ ^ BALL VALVE 

TXNK.AIR 
2Bfc*«>U3fi 
GAUG,6. 

RELIEF VALVE 
SETS ZSO P.S.I. 

4  BALL  \*ALVE 
, FOR. ÄLOWCCWU.AEONS' 
(IN RADIATOR COUP. UNDER 

RIGHTSIDE HINGED ^«PI-ATE) 
FITTINS ON 

EXTERIOR OF UNIT,WITH PLUS 

■<=>- 

-c£T 
-a 

AIR OPERA-ED VALVE, 3PRIUQ CLOSED 

CHECK \»i-»E. 

«50LEU31O JOVE, SPRIUCi CLOSED 

FLEX-OSS 

PIPE PLUS 

■iUUftfiEX 

GATE ^LvE, NORMALLY  CLO5E0 

NOTE: 
L PAIIsIT OPERATING  HANDLES OF VALVES THE 

COLOR  INDICATED. 

B-5 <£>■ 

1 ^< NEEDLE w 

1 SS-OC4-BI-400IG4UGE TEST V 

1 SS-0C4-8P    1CUST CAP 

1 l-i BALL VALVE 

2 l> PIPE PLUG 

2 PLUi 

I «F708 «3-i*0S»-6 FITTING 

I SF708l98<ro62B6«4 FITTIWC» 

4 8FT08^9-.10SM-2e| FITTIUG 

4 8F708 33-n062alXd FiTTIWG 

1 6F70BISW09Ä-Z4- | FITTING 

1 8Fro8'»rt>eas-2.4i*t FITTING 

1 eFroannosis-B. FITTING 

1 aFTOBlw-rvjMi-c« FITTING 

1 78763 372-1 SNUBBER 

1 ■5'PIPE   PLUS 

2 8FTOB 2808-8 FLEX HOSE 

4 8F706 2808-20 FLEX HOSE 

1 24161 2/875"      | DRIVE   BELT 

1 24-161 2-B 7.4'aa SHEAVE 

1 145"«. 5i<V-«>o MAIUTJ Aie HOSE 

1 I4W2. CP8 aOttTCWPlMUiP 

1 *JUO RIH00-R6SAJ PILOT  REG. 

1 aF7oa 2808"-24 fLEXMO^E. 

1 ano» FCIoCt-iZ. FLEX MOSE 

Z 54337IS0SMP0R-VRSMlS34f4i* 

1 50187 712-001 SOLENOID VAl 

1 ll^'a ewo« CHECH VAL.VI 

1 54837 ULM-a LUnKlCATDK A'- 

1 30187 asa-3 eELXY VALNff 

1 Wife MO 90 24 e*,a axe VAL\ 

t 54637 20BM-A2i7AT|STRAINE 

4M'»|l6-0»%-2iO |PRfcSVJe£G*u' 

1 41110 RIB-C00-RHXA|PRES5.RE 

1 145% J04-3O A MAIUtMCRLMK' 

1 14512 CC socarcuiiiaou 

I 43TO B0I-324-A3LA| FILTER Rf 

1 51117 CL.90I3 PRt'jsua.'yjn 

] OTK WSO GATE    VALVf 

3 I46S2 SOMXF ftALL. VALVE 

1 15326 20S CHECK. VA1-VE 

i 14652 BALL  VALVE. 

I ßOT>G i0%O BALL  VALVE 

l 1535S IMV RELIEF VALVE 

l T516S 6530-300 PRESSURE GAU 

TOTC5 8«O-OJ00 ?etssuee<i*uf 

i sisn CL.90I2 PR64SUÄS Wi 

1 AIR-RECEivE.- 

1 4<W«> 012b AIR. COMPEfc'. 

1 05472 M36I5T MOTOR. 

»1CMNO «NtVVWQNa 
•O^NCUM-.."« 0 

DUEL FUEL  1500 KW 

eOdOSOf Of OOQ TOO <U»K 

iwäwi ~r 
-TTf 

761- 



9-^ I ^*^/F\ STARTING AIR PR! 
J7) \£/ SAUGE OM  ENGINI 

^s^\r CONTROL PANEL 

f I 



ä*?K 
HIGH JJkCcLT WATE2 TEMP. •iHUTOCWU 

QPEU5 2 ^oa'P eisiuGi v 

UlG* J*CtS.T »/ATEfc TEMP. ALABM 

CLCSES a joo'F Z.<*ILQ- 

r-, y T5 T5 

(jf\ , S65lSTXUCE.TEMRt3ETE.CTOe . 
y^ j      FOK.ZEMOTe.GAOiCiE^W'fCHGEAe) 

i-n— 
_, .     WATER TEMP: QAUO,E 
Ii_)    "CUT" CW EUCILiE. 

CCUT. PAMc-L 

4L 
WATER. FIL.L- 

VENT- 

V* 
WATEe. TEMP. QAUCE. 
•1U* OU Eu&iua 
COViT. PAUEL. 

AFTERCOOLEÄS 

\ 

EUGttlE OfclVEN    ,,_. 
WATER POMPS   \|9 

OKAIN VALVE OH DEC 
AT LEFT FRONT OF EN&IME 
SEE MOTE 4 

(IMC       ^* 

•^WV 
m 

- r< 
i 

JACKET WATER PBEWCAT 
CR.CL.TPUMP.      ta 
(.•SEEHOTE.^    <■" 

.£. 

I 

JHP230/4I.OVAC, 

l3KW0ÄOV.3<t> 
 (9)lMM62SlOU Hi 

^ WITH THEZMOST 
,►       l5CTTOZ50-i 

^ 
DRAIN VALVE 
IMMERSION H 
SEE NOTE «» 

_2   GLOBE 
.VA.VE 

Ä^— 

|J C8XiL!/FlLL-FLUSH FITTIUG 
0UCJC7=2.1O2OFUUIT WITH PUJC, 

© 
HRAIU-FLUSH FITTli 
On = UTEZIOZ. OF Ui 
'UlTH PLUG| 

B LEGEUO 

5 
-a 
"O- 

VI- 

TEMKKMURE. GAUGft 

TEMPEHATUeE. SNITCH 

PIPE PLUG 

CEUTRUFU&AL. PUMP 

FLEX COUPUkK, 

8 

-D80 

THKEEVW TEMP£ttTUnt*OUAT«*AlÄ 

RESISTANCE TEMP.  DETECTOR 

BAU. VALVE. NORMALLY Of« 

9AU. VALVE.  NORMALUr CLOSED 

 » MAIU WATER. CIRCUIT FLOW 
-WV» STAJJO RY HEATlUCi FLOW 

WOTCS: 
». JACKET \MATER PREHEAT C1R.CULATI0JJ PUMP MOUU 

AAOVE CEGt. 
Z. JACKET WATER TO ÄE C0RR03I0U IUHIWTED  IU A< 

WITH MXn4a,-ELlG,IUE COOL.AUT*. 
5 FOB Ulft   OIL COOLER ALIO LUft    OIL COOLER. COR 

WFCRMATIOU ?EF. TJWG.UO. 62765S2     "LUB    OIL < 
< C*€RATIN5 HAMDLES OF THESE ORAIM *LVES ARC TO BE 

0 B-7 



(ft) i ?E^I«,TAUCE.TEMP CETECTCC 
f* I      FOR. 2£MOT6 5*uC|£ ^WiTCKGEAZ) 

b 

1/ 
Tr .    WATE3 TEMP: QA.UGE. 
T[_^    »CUT- C\J DJ&IUE. 

CCUT. ?KV4c-L 

JL 

VEUT 

VEUT 

}- O- 

WATER. FIL.L- 

VENT- 

i. 

WATER TEMP GAUGE 
•1U" OU EUGlUE. 
COUT. PA.UE.1- 

BJGIUE DEIVEN     „_. 
VATER. PUMPS   C°J 

Ü4 

 \ ^ENT—C- 

EXPAU5IOU 
TAUK. 

-(Xtt 

-CXW 

TEMP GAUGE ON LUB   OIL 
.COOLER INLET PIPE 

4-v, 

TI 

—  f. 

COB.k. 

LUft. OH- 
COOLER. 

(SEE NOTE 3) 

CoeE 

/3 

ICKET WATER PeEWeAX 
IRCXT PUMP .       /Cf 
CitHUOTE-l^      <■"• 

I* 

_/WV-«- 

17 

C4 

_l5KW,a»OV.J<Jl,UDHZ. 
——(9)IMMEZSIOli HEATEZ 

WWITH THEZMOSTAT lUTEQfcAL, 
, '       ISO* TO ZSO-F) 

i^^^^SSi */2) DRAIN VALVE ON 
HaoHi.nrsaePM     Jf-^^ IMMERSION HEAI 

ir SEE NOTE «» 
EATER 

a. 

£* 

13) 

Alt 

FLOW 

X ]9) FILL A 
VALVE 

© 
()0RAIN VALVE ON 

RADIATOR INLET PIPE 
SEE  NOTE 4 

DE* 
pec 

FILL-FLUSH FITTIUG 
üOeOFUUlT \N>TU PUJ^ 

\ 
RRAIU-FLUSH FITTIUG 
Ou EXTERIOR OF UU1T 
"J41TM PLUG, 

_^ 
Ei 

AU£ 

•  MAIU WATER. OROJ1T FLOW 
-VW— 3TAUO BY HEATIUG. FLOW 

WoTes: 
I. JACKET WATER PREHEAT C1R.OJLA7I0U PUMP MOUUTED 

AftCVE CECK. 
2.JACKET WATER TO ftE CORROSIOU ItlHIftlTED  IU ACGORDAUCE 

WITH MX I74Ä,* EUGlUE COOLAUT*. 
SFCR Ulft   OIL COOLER AUO LUft    OIL COOLER COR& 

IWFCRMATIOD  ?EF. TiWG.UO. 6276552      "LUB     OIL. «SCHEMATIC. 
< OPERATING HANDLES OF THESE DRAIM «LVES ARE TO BE fAIMTED RED. 

 240   6PM 
.CENTRIFUGAL   PUMP 

5&H< 

C20Q3 

78763 

729IS 

72915 

13012 

.30 «O 

GLOBE 

P*S& 
CENT 
FLE* 
piPEPvi. 

4II-04500I-OII   PLEX . 

2tQ-ICfcSr4eC3rA.-Cj 

vaooao 
5Z -14 323 

awuzia 

p»y OE.PUN 

05172  M353+ 

725IS 

65586NWH3IS2J 

72SIS 

60536 

1  72915 

I   20969 

72915 

I   723IS 

Z>W=IC1U 

3CbO 
»«Mioqq 

UO. 2> 

S»09a9l 

eoaiücü 

TEMP G 

COUPLIl 

EAniATr 

BALL V. 

MOTOR. 

WATEZ '• 

IMMER^IC 

PIP& P 

ALAÄM' 

GATEVA 

5HUT0CNU 

•51GHT C- 

E*PMJi> 

AFTEJZC 

TEMPO 

DUEL fUEL   1100   KW    | 
<»*ra» a «m KäU PJWS i 

. '.fSC- . DfC    •»*•    ' 

7( 

B-7 L 



SEE NEESA   DCN  92-16 1992-frlB 

VEUT 

J 

FILL AND DRAIN 
VALVE SEE NOTE A 

DEMU/FILL- nrnuG OU 
FKOUT OP UUIT WITH PLUG. 

GLOBE VALVE     2'   NPT 
SQUARE -D/S/lW-4.SER.B(/.5-75P3] 

Z4Q 6PM 
AEROQOlfMfLEX) 

<fr) 
QglUHELL. (-^ 

ROCKWELL (4") 

tia-lQA^C^-A.-CJDfTEcrO* RdE- : WAIEETEMP. Z.TQ.Y 

TTZEeiCe.   (U>C*£T WWER - »-z.qo'F') 
EMO (FLElQ 
EMD      fW/83320«  IOTF ELEMENTS) 

MESA» 

MtVO 
PRICE. 
ftA-LOoR.    (^HP,»faOv»e.,,M>,n2se.PM) 

£MO (EUG.rÄivetJ • iEK-LtFHai<wrt 

CUR0t*H0X(imrt,48OVAC,l4"/M2SZSTH£RMa) 

"(TFT 
EMD (WH WATER TEMP. -ZOCfF) 

G.ZIUUEU- (fuPT1) 
EMD (HIG.H WATER TEMP. -IQft'F) 

ESSEXBRASS(-|HCLS.26*UGEC0CKSiPR*IHCOCK) 

_..  Z40   GPM 

-CENTRIFUGAL  PUMP EMO  (CORE P/H B35-Z3Q5-) 

EMD (.SA.CHE.T WATEJl - ■lO' WCfF) 

Ik 
23 

A4 
21 

20 

19 

16 

l«. 
)■* 

14 

13 

12 

Vi 

H 

] 

DUEL PUEL   1500  KW    j 
OOMTOO. er tea KM* PJ*R i 

wiwctr» >o 
WICHH^C 
HQ»M*» «f.-'.tSCN . jfc   '*■**    j 

766-DF 

:2££r_ 
iLbic 

.-/? 

Mm. OOCT AM) ENVOONVCMTAt. SUWOII ACTWTY 

OVERHAUL 1500 KW 
MESEL POWER PLANTS 

JACKET WATER SYSTEM SCHEMATIC 

HOQoii" 6276553 
ouv" ' '—t«»N474O8-'i9-C-20H 

B 



8 

%u - H SN1TCHGEAR CCUrMJL UWir EU5 EUGIUE   GEUEJUTOfl, UUIT EW> SWITCHGEA.R-  CCUTKOL C» 

CAftLE "SCitCUPS ""WlVTEO  SHIELOEO 
PAIRS    »ZCAWCj 

PAIRS    . i_~iu ".UAL1.Y °HIEtnE.r) vJ\TH OeXlU WIZ.E., 
CVE3M.L SMiE-D  MTH OK.MU AIKE 
CCO VOLT   v.'iLiLAT'OVJ CLASS 
RATED FOR .C5'C 

©CWeX-L >.»rHL««UTATlOKJ L-*Bie lOKjC» 

p z 
^® 

©CARLE 

-CS-O- 

¥ 
3   c 

@ 

<f 
CA.ut.E-ao counucTOR *t4AWG 
COO VOLT lU-MJLATlOU TVPE 4O01-A 
BATED FOB. qCfC 

®CA.ISL£.'R>"~ COUTKOL. CARLE. 

id) ^M^£ 

St) CABLE " 

-so'-cf- 

I 3     E ^ 

CAÜLE- 5C0U0UCT0i?.*aAWG 
WTH i-*i2 seouuo wieE 
OOO VOLT   USULATIOkl 

  BATED F0S9O'C 

©CA&LE'C~ 480 VAC "ST^iovi POWER. CARLE. 

lr 
© 

c 

©CABLE" 

-ed-d- 

1      L 

CARLE " 5 COUDUCTCR *6> AWO| 
COO VOLT   U^ULATIOU   TYPE  ^>0 
RATED FOR WC 

H^> 

© <S 

©CARLE"O"~12C/Z40 STATIOU FbwEn CARLE 

©C 
&EWEÄATC 

B 

>CABLE *J*~ CONTROL CABLE (EClO 
SAME AS CABLE. *S* ABOVE        ..  

<P     ? B-9 



UERA7ÜA UUIT EJJD SWTCMQEAR.  CCUTfcOL UUIT EWO EUGIUE  GEVJEäATCA UJJIJ EWE> 
("EXCEPT CAftLE T') 

4JJ rrf— 

-16 O- 

^® ® 

3     C 
^PIGTAILS  TOR CONNECTION TO 

[^^■'^CUSTOMERS  4ÖOV ÖÜPPLY 

CAALE - 3 COUOUCToe *?.AWO, wnH*ioGeouuD 
GOO VOLT  ZUSULAT.OU 
avrEn roa <io°c 

2 

A  I 

@CARL£"P'~ 5HCü£ Powea CAFSI_E. 

*?** V^ 
-40Ö- 

n 
\> © 

J     L 

CAISLE - a CCUDUCTO«? *io AWG 

GOOVOL.T  IkVSULATlOU 
e*>TEO roe. <)a*c 

g) CARLE, "QH -tZ'bV DC POWER, i EMEE. LIG,HTIUC, CABLS, 

T5 
-fci'-Cf- 

<S> 

3     C 

CABLE" 4OC0U0UCTOR »10-AWQ 
600 VOLT 'USULATlOU TYPE  "bOLU-A 
RATED FOR.'SO* C 

@ CA&LE " H " ~ kUUUUClAXOR.   CAALfe. 

-wJ-cf- 

X^3 
©^    <§ 

3    f fi |~—r 

® 
i - CCUOUCTOR. *z\o AWG. 
■S/O «V IM^ULATIOU 
RATED FOR 90"C. 

©Ge/ÜEÄATO«   RSWER. CAR>L£  fbeTNWEEU 
GENERATOR. CARLE. COUUECTIOU ßox ^SLUITCHG£AP,COUTROL Uwr 

• CABLE "S"~ COMMUNICATIONS  CABLE 

^Fl^5^6^^ 

W 57672 

I5f7 

Z   5C607 

i :ac«n 
z :<BE07 

Z  ä06O1 

1 ,41056 

60607 

«T 

4L056 

5767 E 
SUSS1* 

5U531 

5U531 

w 

5DS3fl 

Lsr 

E33. 

30607 

5US51 

SUSi1? APjWlSS« 

5U511 

806O7 

5P«fi0 

SUSy? 

80607 
576U 
5U53°I 

äÜSV5! 

aoecn 
COI1SP°ftO 

SUS31 
SJS5^ 
SAJI 

30607 

5767Z 

sum 
sutafl 

00607 
üWO 

08051 

oeosi 

ÖR-tOjLl 
5MOil-a 

nA8l-2 

aA-mo 

CRBLE  «S3' 

Cfl6LE ASS 
METAL TAli 

METAL TA&; 

MtTAL ~AG, 

f£TAU TAQ 
CAPjlt 
HEM *:HeiU<. 

me. 
CAPSLE ASSY. 

METAL TAfr 

CAftue 
ZPEOWOOS OUST CAP 

RPEMI3VJ38 -SITWTIPLUC 

4A-I004 

CP<I5 

APJ »4Ti 

HOiilfe 

CAftLE ASSY- 

METAL TAG 

CAhLE 

ouvr CAP 
PLU6| 
PLUG, 
CAftLE, ASSY 

METALTAQ 

CAftLfc 
CPJM»4       OUST CAP 
PJI0477S</S22|   PLUG 

4A-0b03 
cncvt 

CARLE ASSY 
(Wt MOVED) 

(BEMOVE0) 
(REMOVED) 

(REMOVED) 

( REMOVED) 

M6TAL TA& 

CABLE 

OUST CAP 

APJ4375522       PLUG 
Aftl»¥7S        PLUS 

uoaz.14 
CPK.5U, 

APJU46S 

flA-l44Q 
tF£O3?-O0a CIIST CAP 

CABLE  ASSY 

METAL TAG, 
CABLE. 
DUST CAP 
PLUG 
PLUfr 
CABLt ASSY. 
METAL TAP 
CAPsLE 

RP€MI33-38B-PI7NT I PLUS 
CARLE ASSY. 
METAL TAG 

HIO303   ICAftLE  
M5g5042-?8PJDUST CAF 

S3IO«P-k8-l4P|    PLU5 
CABLS. ASS~I 

DUEL fUEL   1500 KW 
cwma» » «sa FCTOI dims 

B-9 
XjMlH-«**^"^ 

768- 

.-w 



EilGlkie  GOoERATCP. UJIJ EXIO 
("EXCEPT C.AÄLE 'F') 

-ISO- 

3    c 
.. PIGTAILS  TOR CONWECTIQW To 

3^*^ CUSTOMERS ^aOV oUPPLY 

1  II 
SEE NEESA   DCN  92-\ 

-TOR *Z/MC* WITH*IOGeOUUO 
>T.OkJ 

?OWK  CAfit_e 

-so'-o" 

3   e 

-TOt?*!OKWG 
"IOU 

POWER. 4 EMEB. UO,HTIUC, CABLS. 

(SFtffOTZ 

-fcs'-cT- 

3     C 

CTOR *I*AW<3 
nou TYPE ^OUl-A 

«TOR.   CARL.&. 

■Ml 57672 

BFTt SWK) 

SC607 
j :ac«n 
Z :«E07 
Z   3C407 

IWT 

4 LOSS 
4L056 

57672 
5US31 
5U53^ 

Z ,30607 

5USJ1 
rsu53i 
5US51 

i eofoi 

us, 
Tni 

IU531 

5* ID ll 
510SI-Z 

53481-2 

avmo 

C9BLE  flS3'Y.     COBLE "S* COMM. CABLE 

CABLE ASS'Y 
METAL TAG, 

METAL TAG, 
METAL "AC-, 
-<£7AU TAC, 

CARLE 
Ke*T ^HfclLj«, 
LUG, 

CABLE ^J* (ITEMS q-IZ) 

-T-V 
-T- fc" 
•T- l- 

AUUTER.      (I caUQ Z.JO AWfa, 5/I5K.V) 

AMP (^/0 NEW A Z HOLE ■ COHftmJM) 
CARLS ASSY       IGCUEeATOePOWERttlÜtiAa-VH?« ITEMSSI-64J 41 
METAL TAG, 
CARLE 

eP£03J0C« DUST CAP 

RPEMI33-338 -SI7WT   PLUG 

4A-I0O4 

CPKI3 
APJ3415S22 
APJ 1«1R 

HO £2.16 

Itfl 

,u5n 

aocon 
57671 
5U53°I 

CPKt.4 

CAftLE ASSY. 

HETAL TAG, 
CARLE 

DUST CAP 
PUJGi 

PLUG, 

CARLE ASSY 
METAL TAG 
CARLE 
DUST CAP 

APJI0477S</SZ2[    PLUG 

4A-0fa03 
cntRz 

CARLE  ASSY 

[REMOVED) 
(REMOVED) 
( REMOVED) 

METAL TAG, 
CARLE. 
OUST CAP 

'AMUUUCIAT02.* 
AUHTEg.       (OOCOWIftAWCi^OVOLT) 

=fiä^ 
(ViWIgE, V?POLE,FEMALE') 

CAftLfH*— AUUUUCIATOH (ITEMS <4VU(.) 
-IZ6VDCPCWEa  tcMegC,LTS.' 

AUIllTEg      (qCOUql'IOAWCt, !^30VOLT) 

(»WHtS.HPOLE, FEMALE) 
ULOW> (awiEE.gpou-.MALE.') 
CARLE"GV ~ ItRVOCfMt tEHEg.UGMTS ttTEWWl) 

"SHORE POWER" 
HSU'S TOP      (^COUDa'ZAW&«l)'l*IOQ2a') 

(4wie£,qrotE,riMAiE crner rat) *z 
CAftLE'F*~ SHQK& POvgi.g,,riEmVM5) 

'l?0|Z40 VAC «STATlOU POWEK* 
AUUTE2.        (.iCOVJg »lAWfr, L-CO VOLT) 

S&. 
55 
R4 

±1 
« 

eo 

4<» 
4« 

au 
45 
44 
41 
4Z 

do 
19 

37 

}fc 
35 
V» 
55 

51 
50 

W 
za 
27 
V. 
Zt 
lA 
11, 

H 

-ci-d 
ftJSJft 
süsvi 

APJS375522       PLUG 
APJ(.V7*> 

80601 
SWISPTW H02Z14 

SU531 
sospr 

CPK.34 
APiHBMK 

3ui51 APJU466 

aoeo7 
un 57671 4A-I440 

5U531 

(i WEE, *> POLE .FEMALE) 
PLUG 'SSgZ*' (3W'gE,'SPOLE,MAL£) 

II 
to 

CA6LE  ASSY CAnLE"rr~i2oft»o we STA>Pwe mvnm-u) 

HETAL TAG, 'QfeO VAC =JTATlOU PCVvEg." »A 
CAÜLE 
DUST CAP 

HousTDM  (lcouD.*oAWG,^^^*l^G^a^) 

PLUS aSft*■ (3 W TO, tt PCL6., rEMALET" 

IC 
Ts" 

PLUG, (^WIgE,t POtfe.,MALs") 14 
CABLE ASSY. CAELE'C^aftO VAC. 3TA. ■'we.l.l,^>tt!4^6) 13 

METAL TAG, "COUTKOL" IZ 
CAPjLE AUHTE2.       [HO COUO^It AWG-, COO VOLT) 

WE03J-OOS  CUST CAP 

SR CAPJLS fterrvoeeu 
£CTlQÜ ß0X   ^SlUl7CHGEAia,CoUTROL. Uwiy 

susafl RPEMI33-38B-PI7NT I PLUS 

006O7 
ÜP^IO HIO303 

(^WltE, V)PCL£.MALE> 
CARLE ASSY- CARLE'V ~ COUTZOL (ITEM'S 9-12) 

METAL TAG -IMSTZUWSMTATIOM' 
CARLE M0U5TOHI  (6 GPS-TWIffEO StttttD JXiti'tQAiNi;) 

oaosi M3gSQ42-28D|DLIST CAP CAUUOIJ 
Kl/A 

^ 08051 MS3lOtF-Z8-lfeP)    PLUS 
W/A 

JTVBtQC 

CAMIUOM      U0WltE,20POLE,HALE) 
CABLE ASSY. CABLE'A' -TJJSTRUMEUATIOVJ CTTEMD £-7) 

«OMKUMfOfl 

B 
oMMUNrcflTioNS  CABLE 



7     —- 

H 
SWiTCM(jE»(? CCMTBCL LIMIT EMD ENGIKE-Gck.£SATca, LUIT EKO SWITCHGEAR CCVITROL L 

CANNON 
•MS 3IOZe-28-lbS RECEPTACLE 
►MS  250*3-280 CJST CAP 
I"» AMP.  SOO V   AC 
20 W,S£, 20 »OLe 

CANNON 
*MS   3I02R-28-I65 RECEPTACLE 
"MS  250*V28i> DUST CAP 
13 AMP   500V AC 
20VVIRE, 20 POLE 

RECEPTACLE ^'-INSTRUMENTATION   CABLE 

CROUSE  HINDS 
4ARl047S4-/5?2 Iff 
(PlM INSERT! 
IOOAMP. iOOV AC 
4   POLE ,*WlRS 
(R0TA7EO 77.5') 

RECEPT. 

CROUSE MN05 
»RPE.233-0I4-SI7WT RECEPTACLE Ul/CAP 
(SOCKET INSERT) ^ 
30AMP; 2SOVAC 
39WIRE.29P0LE 

ceouse WINDS 
•RPE 233-014-S/7NT RECEPTACLE UJ/CAP 
(SOCKET  INSERT) 
30AMP, 250 VAC 
39 WIRTE, 39 POLE 

CROUSE MINOS 
•AR 3*7 RECEPTACLE 
(SOCKET INSERT^ 
30 AMP, 400V AC 
4 WIRE, 4 POLE 

RECEPTACLE B^-CONTEm  TAP.I p RECEPTACLE Q' 

•» 

CROUSE t-»NOS 
•AR&4Ö RECEPTACLE U/CAP 
(SOCKET KÖERT') 
to AMP, STYLE 2 
SWIRE, 4P0L6 

CROUSE  HIMOS 
•AR4t48S^Z   RECEPTACLE Ul/CAP 
(PIN INSERT} 
fcO AMP, STYLE? 
3WIRE, 4 POLE 

ffECE?TACLE*C'-480VAf STATION POWER CABLE 

CROUSE HINDS 
•RPEZ33-OH-PI7NT 
(PIN INSERT} 
30 AMP, 25QV AC 
39 WIRE. 39 POLE 

RECEPTACLE 

B 

CROUSE HNOS 
•AR637 «KSPrACLE.  al/CAP 
(SOCKET ruSERT} 
60AMP KOv ,4C 
3 WIRE, 3'OLE 

CROUSE HIMDS 
•AKM3TSZ2 RECEPTACLE, Ul/CAP 
(PIN INSERT) 
«JAMP.6COY AC 
3WIKE, 3 POLE 

RECEF'ACLED-170/240V AC STATION POWER CABLE 

RECEPTACLE "J* CONTROL CABLE (ECU) 

SIME AS  RECEPTACLE    *B~ 

RECEPTACLE. "S* 

SAME fl& RE 

7T (P B-i: 



".*?V -iT-^i .--»'*' ■" 

ao_ SWITCHSEAR CCVJTBOL LNlT E>Q 

TACL& 
AP 

3. 

EMGIME-GE.KJRATQB. LIMIT E>Q 

SEENEESi 

CROUSE   WINDS 
*ARl047S4/5?Z RECEPTACLE UI/CAP 
(PlW INSERT! 
IOO AMP, iOOV AC 
4 POLE ,4-WiRe 

ROTATED 17.5') 

RECEPTACLE F- SHORE POWER CA5LE 

RECEPTACLE UI/CAP 
CROUSE HIND* 
MR 3*7 RECEPTACLE   UI/CAP 
(SOCKET INSEKT} 
SO AMP, &0OV AC 
♦ WIRE, 4 POLE 

CROUSE HINDS 
*AR 6347522 RECEPTACLE 

(PIN INSERT^ 

3OAMP.&0OV AC 
4WIRE, 4 POLE 

.'CAP 

RECEPTACLE'S"-\Z5 Y DC POWER jEMEE. LIGHTING, CABLE 

^ 

TACU UI/fcAP 
CROUSE HINOS 
»RPEZ33-OI4-PI7NTRECEPTACLE UI/fcAP 
(PIN INSERT} 
30 AMP, 750V AC 
39 WIRE, 3=f POLE 

CR003E WIN« 
»RPE233-OM.PI7WT RECEPTACLE ttl/CAJ* 
(PIN INSERT) 
30 AMP.7SOV AC 
39 Wiee.3'5 POLE 

RECEPTACLE H -ANNUNCIATOR CABLE 

illl/CAP 

RECEPTACLE. *S* COMMUNICATIONS   CABLE 

SAME fl& RECEPTACLE.  "B*      

B-ll 
& 

2 3U331 RPE233-OI4-PI7NTJ«C£PT*O.E CROUS! 

/ 31153=» ARG347S22   RECEPTACLE CROUS; 

1 5U53* AR347       I RECEPTACLE CKOUSI 

1 susy» ARl047sVs?Z RECEPTACLE CROUS 

(REMOVED) 

(REMOVED) 

1 SU539 AR6C.37SE2 »ECEPTACLE croust 
1 ÖU531 AR437       | RECEPTACLE CKXJS 

1 5U531 AZbUBSZZ  ^RECEPTACLE ceous 
1 5U53°I AR&4&        | RECEPTACLE CROUS 

2 5U53"» RPEZ33-OI4-SnNT|RECEPTACU ceoos 
2 MOSI MS-iiOAi-l&D OU5TCAP CANNO 

2 ceorx MS 3l02R28-lbS RECEPTACLE CANNC 

FSCMIO. »ANTOA 
lOCNnFrwaNa 

«OMlNTLirUW CT> 

3T>*tOC 



.Ty~ ^~Arn ■ipti    '^r^awjj 

ENStHE-GEkERATOa. Ling EXO 

SEE NEESA DCN 9?-4 99g-)-6 

)gE POWER CABLE 

CITOUSE MINOS 
•AR 6347S« RECEPTACLE 
<WW INSERT^ 
30AMP.«)OV AC 
4.WIRE, 4FOLE 

^WER 4£MEg. LIQHTINQ, CABLE 

.'CAP 

^ 

CROOSE WIN« 
»KPE433-OU.PI7MT RECE?1»CL£ Ul/CAJ» 
(PIM INSEKT) 
30 AMP, 750V AC 
39 WIR£,3<» ROLE 

ÜATOK CABLE 

2 5U531 

/ iusjq 

I   5U531 

i Susy* 

CATIONS   CABLE 

3*    . 

5U531» 

SJ531 

51153=1 

51153=1 

5U531 
«051 

gP£233-OI4-PI7NT|reaPTAClE CROUSE HIN0S(39WIRE.39 POLE.MALE) 

Ag&347S22    IRECEPTACLEI 

AR311       I RECEPTACLE 

JRI041S4/S??      RECEPTACLE 

AI?S>(o37S22 

(REMOVEO) 

(REMOVED) 

RECEPTACLE 

AR437 RECEPTACLE 

4R&&48S22       RECEPTACLE 

AR&4B RECEPTACLE 

RPE 233-014-SnNTlgECEPTACLi 

MS 3S043-2SD    OUST CAP 

2 re03/  MS 3IQ2R2»-lbS RECEPTACLE 

Egg. 
■outtcunrticM 

CROUSE HINDS M WIRE, 4 POLS, MALEl 

CROOSE HIMDS (4 WIRE,4 PQtE, FEMALE) 

CRQUSE HINDS (4WIRE.4P0LE, MALE) 

CROUSEHINPS    f3WlRE,3P0LE MALE) 

CK0U3E HINDS (3WIRE, 3 POLE, FEMALE) 

CROUSE HINPS f3 WIRE ,  4 POLE, MALE) 

CROUSE HINDSQWiRE ,4 POLS.FEMALE) 

CROUSE HINDS (3°IWlRE,3q POLE,FEMALE') 

CANNON   (20WlgE,20P0lE, FEMALE) 

DUEL FUEL   1500  KW 
raws» «otsa row FUTO 

ISESOH     0t?-4*94 

itimuun ii 
3*5=3 

r£j_ 
■*sw- 

^ 

HATS LOT 

i 
H 

769-CF 

— "^'frttr 
Jb\_ 

^■^ **4A 

sstTacwsa 
H*«M. ENEKY «NO OMKMCNTN. SUPPOIT AClMTr 

OVERHAUL 1500 KW 
DIESEL PO*CR PLANTS 

INTERCONNECTING CABLES 
MATING RECEPTACLES 

80Q91 
NONE 

;=.- 6276556 
"«7408-8»-C-3011 

B 

'10 

2 (7Ä) 



H 

*•-<>• 
4-8 

7 

! D 

B 

! A 

QISTRIBUTiCM CU9. TOOL CABINET 

PLAN VIEW 

J€TESINC/X'FMR/SWITCH CUB. CIRCUIT BREAKER CUB. NEUTRAL GROUNC 

Y-6- 

I-6"- 

@, ® ®- 
a^jgfjgL /^ 

— PETfllL-C 

♦ 
87-1 87-2 87-3 

z'-e'- -2'-IO•- 2-3 

■ 12-11- 

FRONT ELEVATION 

*S£E  BILL  OF MATERIALS 
DWG  6276560 

^J 
ap»wM 

B43 



DANGER 
HIGH VOLTAGE 

OPENING THIS   DOOR 
WILL TRIP GEN CIRCUIT  BREAKER 
HIGH VOLTAGE MAY   BE PRESENT 

.EVEN THOUGH GEN IS  SECURED. 

IV 

"® DETAIL-A SCALE: 1/2 
REO PHENOLIC WITH WHITE LETTERS 

1/2* LETTERS 

CIRCUIT BREAKER CUB. NEUTRAL GROUNDING REACTOR CUB. 

CAUTION 
DO NOT IDLE ENGINE. 

BELOW 75% ENGINE SPEED 
WITH VOLTAGE REG ON 

@ OETAIL-B 
RED PHENCLIC WITH WHITE LETTERS 

'/4* LETTERS 

-<,"- 

DIESEL 
SELECT 

DIESü." 
SELECTS: 

DIESEL 
OPERATION 

TSRS 
FAULT 

► r 1  ;  

I I GAS        ||   GAS 
I I SELECT [I SfLEOTP 

GflS 
OPEPWTION 

GAS 

«^3S^S( ^ (fltfö 

DETAIL- C 

DUAL FUEL STATUS LIGHTS, 
SELECTOR SWITCHES,. AND! 

LABELING PLRTES - BLACK PHENOL WITH 
WHfTt LETTERS 

UNIT PARALLEL AND PHASE SEOUENCE TEST 
FREQUENCY ANO PHASE SEOUENCE 
CONTACT SLOCK USED *ITM ITEM 46 

I   ICA79   NAViPLATE 
I j5c03jlJP-2 
I .ICA79 NAVEPuA'E 

2 |ICA79 NAVtPLA" 

I     :A79 NAVe^i'E 
ICA79 NAMEPLATE 

I   i:A79 NAME SLATE 
I |i:A79 NAVEPLATE 
I ;i»79 NA\€PLA7= 

I   ;:A79 NA'.EPLA" 
I 

IJCA79 NAVEPLATE 

I ÜCA79 NAV£PLA"E 
I !lCA79 NAVtPLA" 

TJ7CA79 NAV.1£S._A-r 

ljlCA79NAVtSL..^: 

l_|ICA79 NAktPLi' 
I   ICA79 NAVEPLA" 
I   i;A7iV4AVe?LA-; 

I ;lC»79 NA^PLA" 
I ;IC»79INAV£?LA" 

I .ICA79 NAMEPLATE 
ICA79;NAME PLATE 
ICA 79 i.NAME PLATE 
ICA79 INAMEPLATE 
ICA79 INAMEPLATE 
I0A79 NAVEPLATE   1X3 

I A jSEE MEESA XH 9: 

g"S ECrSCTQf  &**» M°N 
I X 3 
JACK PLATE 
1X31/2 BLACK 
SX   If: 
1X3 1/2 3.AC*    Aimj-QATC 
1X31/2 BLACK 

ST.-05CNIZ 
SOUND PCWE 
souNj P:WE 

(SEE XTAll 

:KVC:SCLIlT 

1X3 1/2 SLACK I ENGT-; "EMr 

1X3 1/2 SLACK   ENGAE STC; 
1X31/2 SLACK j ESC^C-SNCY 
1X31/2   SLACK I ALASM HORN 

PUSM-8T.V SWlC-HflNPIKv. 
1X3 1/2  SLACK  I ;:FrE=ENTIA 
1X3 1/2 SLACK I C:F-E=ENTlA 
1X3 1/2 SLACK   DF—^ENTIA 
1X3 1/2 SLACK 
1X3 1/2 SLACK 

1X3 1/2 3LAO< 
1X3 1/2   SLACK 
M 3 1/2 SLACK 
1X3 1/2  SLACK 
I X 3 V2 SLACK 

I X 3 '/2   SLACK 
1X31/2 SLACK 

13/4X4 RED 
1X31/2 BLACK 
1X31/2 BLACK 

8LACX 

ICA79 NAMEPLATE   1X3 
I0A79INAMEPLATE 
IDA79JNAMEPLATE 
32582 JTYPE-ANJCC  A,NMUNC!ATCR 

BLACK 
1X3 1/2 SLACK 
1X31/2 SLACK 

i£605!Ce50r2CK5SJJSW.EVERG LTS 
6;6Q6lSBMiQAAC-A^ 

I  8i045ICE-4TOOOCOCM£iEP.DGTLPNL 
I  8IQ45CE-9994C00C METER.DGTL PNL 

10 67978l68-*0-IQI-20 

62602 I2IAV5IAIA 

24455 ,6S60C-l25'/ 

jrrätod 

15605IO250TRS34 

60336 II2HEA6IM21 

65063 450 
62SG6I2UD52AI1A 

6K06:I2ICA5IAIA 
626C6l2ffCV5lA0U 
626C6 I2IAV54EIA 

96312 «2CMS3MCI 
54837 B8J22K5 

15605 O2S0TI37I 
I5S05II02SOT2IK8 
625C6 B7A (NE45) 
62505 
15605 
68513 

CRI03C2I02 

06874 
5<837      5I0S 

SW. ENG. TEMP 

TEE HANDLE 
ENGINE STCP PB 
RELAY, DEVICE 96 
HORN 

KIL-;A»TT - 
LNCE/i   VOL 

RE'.EPSE 
C'/ER  CLP.Br 

CvER  CLfifi- 
CVER  CLSPi 
CVF»  VCLT 
UNIT 3A3AL; 
FREXENCY 
(SEE :ETAIL 

MAMW.FJEI 
LOCKOUT REL, 

PHASE =Ea 
PHASE SEQ. 
PHASE SECT. 
PHASE SEO. 

ROoesim.Af*:' 
CUTLE3-HAM. 

GE.TYPE SBM 

LFE'JCCEL44-- 
LFE.MJ0EL444 

SOUftCO. Ch 

CUTLES-HAV».- 

PROTECTIVE 

FEDHUL.I25'. 

RELAY. DEVICE-87 GEJPOTECTr 
RELAY. PEVICE-32 GEJ90TECTIV 
REUY.0EVICE-5I 
RELAY.DEVICS-27 
RELAY.DEVICE-59 
LAMP, SYNC 
LIGHT. SYNC 
RES.22.5K08W 
SW.ld SEQ TEST 
SWITCH.2 SEQ 
LAMP. NEON 
LIGHT. INOlCATCR 
SWITCH.PARALLEL 
RHE0.500A-4W 

62SC6faC2951A2PI   SW.VOLT REG 
RHEOSTAT. FIELD 

I  6Z606S3MICAAO24 SWITCH.SYNC 
I   I5605|I025OT2IKB   SWITCH.FREQ 

I |6;6C6iSBWI0AAC6gSWITCH.G0V 
I  6033517CCX53GI     [KHjQvWT-KXfl VtTR 
I   6C3j6j50-i06ASAAAA|SYNCHSOSCCPE 
6 P/N icRsoT/xoaatl L«W> SOCKETS 

I   6C336KX)I^2;.y :iPC.VER FACTCa MTR 
I   6C336}Sfcr»jjil,^KILOWATT VgTER 
I |6C3j530^^Ä^irREQUENCr MTR 

I |625C6ISEMI0AAC07IS^.V0LTMETER 
I |6Qj36i5ai03-Cgl-?.U;vaTVtIEa 

I |62606|SBMIOAAQCS SWITCH..AMMETER 

I |6C335 5CHGJ-I3ILSS- 

I |6<JOSiCi£c6iC8Gi-G 

I |6ZSC6bl6667C3G3-P 

I |6a5CclsEMICAAI07 

J«-« ..jrs, 

i!>.:.viETES. 

LIGHT, GREEN 
LIGHT, RED 

SW.CB CONTROL 

-aMMOATum on 

GE.PS0T1CTIV 

GE.PRCTECTI-. 

GEJROTECTI'. 

GE.LA'JP.I25'. 

0IA1C0.24V-.- 

OHWTEMETA' 

CUTLO-HAX«. 

CUTLES-HANt. 

GE.T-4 VZ SC 

GE.TYPE CRIQ 
CUTLEH+WNR* 

BASLER. AUT 

OHMriE, na. 

GE.TYPE-SBV 

GE.TYPE-SBM 

CUTUEH-HAMH- 

GE.TTPE 

GE.TYPE 

GE.TYPE 
CUTLCT- 
GE.TY3E 

GE.ir=E 
GE.TY=E 

GE.TYPE 

GE.TYPE 
GE.TYPE 

GE .TYPE 

GE.TYPE 

GE,TY=E- 
GE.TYPE 

SBV 
-QS-- 
-AB_2 
H»ti 
AB* 
AB- 
AS- 
SBM 
AB- 
SBM 
AB- 
ET-- 

T-_. 
-SBM 

12« 

772-DF 
OUEL ruEL  1500 KW    1 

CWCBO» cf oca flaw PJMS *; 

unricnm n 

Ä -x 
_a. ■-<~~~-    ■**!..** 

0*K 

F:aoo: 
S=—T75- 



L 

DANGER 
HIGH VOLTAGE 

OPENING THIS   DOOR 
WILL TRIP GEN CIRCUIT  BREAKER 
HIGH VOLTAGE MAY  EE PRESENT 

.EVEN THOUGH GEN IS  SECURED. 

■IS* 

(&CETAIL-A   SCALE: 1/2 
RED PHENOLIC WITH WHITE LETTERS 

1/2* LETTERS 

1® 

CAUTION 
DO NOT IDLE ENGINE. 

BELOW 75% ENGINE SPEED 
WITH VOLTAGE REG ON 

7, 
® DETAIL-B 

RED PHENOLIC WITH WHITE LETTERS 

'/»" LETTERS 

DUAL FUEL ST/TTUS LISHTS, 
SELECTOR SWITCHES,. flNCL 

LABELING PLATES- BLACK PHENOL WITH 
WHITE LETTERS 

MEPLATE UNIT PARALLEL AND PHASE SEQUENCE TEST 
FREQUENCY AND PHASE SEQUENCE 

1TACT 3LOCK      CONTACT SLOCK USE!) *ITH ITEM 46 
omiMCLXnjm c* 

~1 
>l"*l 

~>79   NAVEPLAT: 
I |I609:-IJP-j 
I .ICA73 NA^fLA'E 

2 |ICA?9 \IAVE?L-*E 

:A79 NA\€^.^'E 
I HCA79 NAUEPLATE 

I_|I:A79 NAl^LATE 
|i:A79 NAVEPLATE 

I |'CA79 VJAVEPLA7E 
I |I:A79 \A:J?\_~'Z 

I |ICA79 MAVEPLATE 
I UA79 'lAVtPLA" 
I MCA79 MAStPL-'E 
I ;ICA79 NAUEPH" 
l7lCA79\AVl?l.-:i 
I .ICA79 MA^PLi'E 

££S 

I A iSEE  MEESA 3CN 92-6 

I X 3 
DgTECTt»;   SEW* MBNITO» COWTPOU.tR 

JACK PLATE 
1X3 1/2 SLACK 
6X 15 SED 
1X3 1/2 SLACK 
1X3 1/2 SLACK 

*r> 
SYNO^C'ilZlNG / LIGHTS 
SCPOFCWER  -EAOSET 
scoo P:-.VER PriONt JACK 

(SEE ZETAIL-A ) 
AfwciATca 
SKVC3CUIT/B3EAKE!? CUBICLE 

1X31/2 3LACX ! ENGT-E ~EMP/CIL   .VATER 
1X3 1/2 SLACK . EN&Ae STCP 

1X31/2 SLACK j EVCRG5-CY LIGHTS / CFF 
L347 

ON 
1X31/2   SLACK I ALASM HORN 

PUSM-BTN SV/IC-H f>X))MCyFyM l026OT79IOOOt 
1X3 1/2 SLACK i ::F==;ENTUL / SELA» . 3 
I X 3 V2 SLACK I CF-E=ENTlAL /  RELAY . 2 
1X3 1/2 BLACK 
1X3 1/2 SLACK 
1X3 1/2 SLACK 
1X3 1/2 SLACK 

I |I:A79 'IAVE?L-'E I I X 3 1/2   SLACK 
I   i:A7i\jAV«?LA* M 3 1/2 SLACK 
I   '»79 NAK'E?LA"||X3 1/2   SLACK 
I ;iC479i>IAUE?LA" 
I [XA79NAHEPLA7E 
I   ICA79|NAME?LA: 

I [lCA79iNAME?L A 7E 
I |lCA79|MAMEPLA7c 
I [lCA79|NAMEPLATE 
IM0A79INAVE PLATE 
I |lCA79lMAMEPLATE 
I [ICA79|NAMEPLA7E 
I |IDA79;.NAMEPLATE 
I 132582 JTYPE-ANJCC 
I | £60510250120X3542 SW.EVERG LTS 
I |62606lSBMiC4AC-t-> 
I ISWSICE-aTOOOOC WETES.DGTL PNL 

1X3 1/2 5LACK 
I X 3 '/2 3LACX 
1X31/2 SLACK 

CF^ENTIAL /   BELAY . I 
KILCAATT  r-CUR   / METER 
LNCE3   VOLTAGE /  RELAY 

FE'.EPSS   rCWER   / RELAY 
OVER  CURRENT    / RELAY - 3 
CVER  CURRENT   /  RELAY - 2 

64 
39A 

35C 
34? 

34? 

3«€ 
331 
34* 
3« 
3« 

341 

K 
3£ 
335 

OVER  CURRENT   /   SELAY 
i3j; 

0VE3  VOLTAGE /   RELAY 
UNIT -ARALLEL   SWITCH 

I 3/4 X 4 RED 
1X31/2 BLACK 
1X31/2 SLACK 
X3 BLACK 

1X3 BLACK 
1X31/2  SLACK 
1X31/2 SLACK 
ANNUNCIATOR 

SW. ENG. TEMP 

I 18I045FE-9994CCOC METER.DGTL PNL 
IQ|6797el6a-O-iQI-20 TEE HANOLE 

'I5S05|;Q250TRS3«  lENGINE STCP P8 
I  160336 liZHEAfilMa     I RELAY, DEVICE 96 

24455~;6S6CC:l2iV ILAMP, SYNC 

S4837IB8J22K5    |RSS,22.5Kg8w 

?TY«tQC 

65063|45O HORN 
6Z6C6;i 2UD52AIIA |R£LAY. DEVICE-87, 
626G6,I2ICA5IAIA )RELAY.DEVICE-32 

FRSQLENCY METER/SWITCH 
(SEE ^7AIL-B) 
MAKmL FIELD/RHEOSTAT 
LOCKOUT »CLAY 

33C 

PHASE s-g / TEST 
PHASE sea / SELECT 
PHASE SEQ: 

PHASE SEQ. 
/   CBA 
/   ABC 

ROCHESTER, AN-3O0A-B4-INT8-3E-9 W M » 0 MOD-BMP 

33c 

H 

G 

335 
334 
332 
332 

32= 
AS 
327 
326 
32i 
126 

OlTtf3-KAIHieR.2PST.aN CFF LIGHTING 
GE.TYPE SBM, 4P, OIL-WATER 

LFEJJQCEL 4443J0-O0 MV RANGE I0O PSIG 
LFE.»-CCEL 4443,RTDIQ0fl PLAT-2OO%60Q'F 
SOUIKO. CHROUE-PLATED HANOLE 
aiTt£R-HA\*€R.OlL-riGHT. | NC CONTACT 

PROTECTIVE. LOCKOUT RELAY 
FEDERAL. I25VDC VIBRATONE HORN 
GEJPOTECTIVE DIFFERENTIAL RELAY 

62605 l2IFCVSIAQIA|RELAY.0eviCE-5l 
626C6 
62602 

I2IAV54EIA  |RELAY.0£VICE-27 
I21AV5IAIA  IRELAY.DSVICE-S9 

96312 |»gg<»gXl|LIGHT.SYNC 

I5605|I0250TI37I   |SW.l3 SEQ TEST 
I5SQ5II0250T2IKB   ISWITCH.a SEQ 
6Z5C6 
63506 

Ü60S 

66513 
«837 

37AJNE45) JLAMP. NEON 

CRI03C2I02 

06874 
5105 

626C6t!C295lA2PI 
62606 iS3M!CAA024 

,6033517CCX6ÖGI 

156051 (0250T2IK8 

6J6C6iSEWI0AAC6aSWITCH.GOV 

LIGHT. INOlCATCfi 
SWITCH.PARAU_£L 

RHE0.scon-4vv 
RHEOSTAT. FIELD 
SW.VOLT REG 

GCWOTECTIVE REVERSE POWER RELAY 
GE.PROTECTIVE OVERCLSRENT RELAY 
GE.PROTECTI'/E LPCgRvCLTAGE RELAY 
GEJROTECTIVE OVERvaTAGE RELAY 
GE.L4MP. 125'/, 6W, INCANOESCENT 
0IAIC0.24V-25CV.CLEAR TCRPECO LENS 
OHWTEMETAFILM RESISTOR 

gjTLER-HA»ftCR.2 POSITION,SPRING RET 
gjTLE3-HAH»€R.3 POSITION ,GEN-CfF-BUS 
GE.T-4 VZ SCREW BASE. I20VAC 

GE.TYPECRI03C.PHASE SEQUENCE/IND 
CUTl£»HAMveR. 2 POSITION ,        OLTIGHT 

BASIER, AUTOMATIC VOLTAGE /ADJUST 

IC8 
07 
106 
105 
104 
95 
90 
66 
56 
Sä 
54 
53 
52 
50 
49 
47 
46 
45 
44 
43 
42 

OHMTE. 750. 300 W 

SWITCH. SYNC 
SWITCH.FREQ 

WLCWATT-KX« MTR 
6C3j6j50-K36-5?-A^JSYNCH=iOSCCPE 
P/NKX.SOVIICa)t\L<M> SOCKFT3 
6CJ36EOIiM-ffi.y :ipc.vea FAcrca MT^ 

6C326|iQv.i}.;«i   VM OWATT «jFTra «.'. KILOWATT 'JETER 
6C32öia5<Oj-27;A^|FREQUENCY MTR 

62SC6ISEMI0AACO7|g.V.VCLTMETER 
6C3365O-iO3Cgl-?.UiV0LTMErER 
62606iSBMIOAACCg 
6C326 50-iCi-i3ILSS_ 

6;5CeC;,6£57C8G'-G 

i 6; 
62SC£bl6667CaG3-r 

:5CclsBMICAAIQ7 

SAIITCH.AM^TER 
A».!METe3. 
LIGHT, GREEN 
LIGHT, SED 

GE.TYPE-SBM. AOTO-MAN-OFF. SPECIAL 
G£,TYPE-SBM..V,/RH23WWI45 REM HOL 

CUTlEt-HAMMER.3 P0S.0T,GEN-CfF-BL6 
GE.TYPE-SBM.RAISE-LCWER .SPRING RET 
GE.7YPE-DS-53.2 ELEWNT.30.3W 
G£.rYFE-AB^)0.c0H2,SLCW-FAST SCALE 
CUTLEK-HWflHER AQbC  RESIST, UOV> 
Gc.TYPE-AB'O). .5-1 -.5 SCALE . 120V COIL 
GE. TY=E-AB-40 .C-2iCO.'W,3B,3w. 
G£. lYrg - AB-AQ .45 -65H; SCALE. 120V COL 
GE.TYPE-SBM,KNURLED HANOLE .VMSW 
GE. TYPE - AB-JQ, 0-525CV SCALE. ISOV COIL 

40 
39 

38 
37 
36 
35 
34 

33 

D- 

23 
27 
26 

GE.IYP£-SBM.K:guRLED HANOLE .AMSW 
GE ,rg£-AB-^0, 0-6CCA SCALE ,5A COIL 
GE.TYPE-ET-:6, .V/ ETI6G CAP 
GE,r/=g-;T-ö,.V/ ETI6R CAP 

SW.C8 CONTROL  GE, TYPF-SBM. PISTOL GRIP HANDLE. 52CS 17 

12« 

772-DF 
OUEL run.   1500 KW 

coMiBoi er «3a FOK» KJKIS 

wtcrrm 10        ^, 

nOi*m —, ^K«, tft. ■* 
sr 

*•" ■-^■»>— ■Hist 

«MML ENtRCY MO OMIKM1CNTM. SUPfOTT ACTIVITY 

OVERHAUL  1500 KW 
DIESEL POWER PLANTS 
SWTCHGEAR UNE-UP 
PLAN AND ELEVATION 

F;8009I£: 6276559 
—'   '/B 

»N«74O9-e»-C-;0M 

I 

H; 
BJ 

© 
l-"3  » 

F- 



»-*sc c 

J1    J 

*i   --r 
9 • ■ 

(J! «00    ! ^4' tli' t4' 
-H»  -M  —' 

i^ii. 
»««"SLSC-O 

•cvtuse »owe« «w      N  

^J—£v3  
-li 2^Z-3_£A« IX_LAJ^ 



?« "V 

KCOW.ECI S».  KV.  SCO «UP 
■O Ö- 

1 1 1 TU 
Na 

wrr NO. 

OUMflTTr FOR 
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Jl  OCOUMJ 

.XX OCCKU 

JO« OCCMUS 
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"*"■       780 -  DF N. 
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0W CM 
«MnnCTOft*  fO 

MMIE  CN-LÜCS 
NöftuAN »CL:ESW ore IHI 
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K*Lt 
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CKSM 

NO. 
«XT *S5V. 

B^5 
IF  IN  DOUBT,  ASK   -  00 NOT SCALE 



SEE NEESA SC-l 93-9 2/H/92I 

DISCONNECT 5«. a*v. «30 AMP 

O 5- 

QtSS CO«. TOT. DW. U7«573 

IF IN  DOUBT,  ASK   -  00 NOT SCALE 

rrz 

TOUMVCC& 

.X  OCOtMU 

.XX DCCtttU 

JCXX ocoumj 
nwenow       ±1/T(T 
«CUES ±0.5" 

P2Z 

H i 

780 -  DF 
) 0» f.tXi^Mimm 

mwi *co H mot 

unwcTQWT TO 

row cwi««oc», ht*r*c 

■PM« cr n« NMC MM neuno PME 

NAWN. FACILITIES ENGINEERING SERVICE CENTER 
KCT MUCNOC CMjrOfMU U04J 

DUEL FUEL! 500 KW 
CONVERSION  OF »ESEL  POWER PLANTS 

SCHEMATIC DIAGRAM  AC GENERATOR 
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36    |    37    |   38   |   39 

UOVDC   3ATTET?Y   HACK 

40    |    41     |    4Z    |    «    |    44    |    45 

BATTERY   CHARGER 

TO ENG.   _ 
HOUSE 

PIUG'6" 

Fi3 * FK 
i£S tiuS. S27S5I4 

J£f:i«6  MT6S76 

B 

EJ  SDRX   COIL  RW PU6.   62T897» 

C2 SDR COIL KEF. DH6.  «T69TS 
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RACK BATTERY   C*ARGEg 

«    |   4«   |   47    |   4fl   |- 49    |    50    |    51   |    5Z    |   5i    |    54    |    55   |   5C 
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*i ©-1 1 SS52- 
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/ DIST. PM. 
rtO-, 

IS4 

_    WO' '101 

IS OCT. OVERCURRENT RELAYING 
6E TYPE ieiFCV5MDl/« 
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P*R  ttLAY 
GE TYPE 

12KlV5tA 1A 

UNDEeWLT-4 WERVOIT- 
AGE RELAY A6E   3ELAY 
GE   TYfE     GE TYPE 

I2IAVMEIA il2TAV5lAlA 

_P9_ 
IDA 

DIFFERENTIAL   DELAYING 
6E  WE lZJJDiZAllA 

' TOI-47 

ciuGir 

ETBlfloi. 

5D£tai 

ETBKioa ( 

»lUCT 

TBl-46 
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J. OCT. BJCR. 
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lTBI.40 

PHASE C 
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sz-tör-är ü <3 

25CS 
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BABE 
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aD 
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25_ 
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IDA' 
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4 
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SEE NEESA  OCH 92-19 I998-M9 

1 Ä\ 
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_F9 
10A 

DIFFERENTIAL   3ELAYIN6 
6E nrPE 12JJD5ZA11A 

19 
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""irr, 

11 

_PHASE  B 

.37.2 
"ST 

1 ii i"j-f 

PHASE C 

1  "J I 

£Bl*   m   «± a*-<or-i 
25£5 
LOWER 

SAISE 

76579; 

to5 

76576 ) 
a 

3   RA-70   CONTROLLER 

VOLTAGE ADJUST SWITCH 
r_-_ . 

seai 

siNCUftomtiR 
VOLTAGE. HATCH 

ifiilSl 

-f*»3«| 

RAzte 

Affl>/tMMUL_      . 
SYNCHRONIZER SWITCH* 
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H BLEEQ   BLOWER 
FAN   MOTOR (LEFT) 

BLEED   BLOWER 
FAN MOTOR (RIGHT) 

ENGINE    HOUSE 
SPACE     HEWER 

(.REAR) 

COKTD FRO* 
Owe «276570 

30 31 32 33 34 35 3b 3? 38   -      39 40 41 42 43 < 

40I. 

^o       ^o       ^o     '3* 
4blO—^   4420-,  J«0-. 

L>i        LZA        Li(l 

-1-        i        ^ BBCl (sn 
W >3 OL 

3- 
402 X 

403 X 

e-e-c BBF2CB 
vr>      I5A 

4710^4  4720^   4720" 

LI A        LZ6 L3, 

^o       ^o       \c 
SHRC 

o        ^o        ^p     iSA 

T2Ä       T3Ö 

BBC2UI)        4810' 

OL 

4140'" 

TIO       T2Ö        T30             C Tl 

^ll--"   4(^2^' 4WV  4444X 4711^4 4TU4    4Tjy+   4T44^F 

f I PLUG ""'" 

W j TC'S WS TR'S ^ ™4 W$ iS'l 

I HORSEPOWER 
4fcOVAC 

I HORSEPOWER 
4+jO VAC 

•»820' 

/T»       -r- 

■»•30^ 

JTK4>   TrtzX   smx   JTK,- 
ll>   i?      ill 'S      IsTlS      14>" 

LI L2 L3 

7.5 KW, 4BOVAC 
HEATER WITH 

INTEGRAL THERMOSTAT 

3fcO 

X MTB1 (*> 

OL 

B6C1 

ETBI (14) 

9<> 
(FOMCOIL 

97 

Ott 

;iOL 

1 
BBCI.. 

00NTO FROM 
0W6 6276370 

~BBC» 

It'3" 
<»3 

BBCI 

o—V-9 

MJ •■ 
(3D 

ODD    «C.    ((or) 
O     -Jl" O 
(OM> 6276976) 

O 1| O 
130 

O 1| O 
Ol) 

»3) 

:£eBC2 
L0" 

X2 BBCZ 

8-H 
(37) 

OOP)   «C     IBBT) 
o    tf-o 
(6W6 6276976) 

Ll Tl 
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LZ      ,,      Tl 
O—1|—o 
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L3 T3 

13») 

30I :x 
300—^ 
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f-^»j»—u, mi**. i..-a»g "SRr »»I »"" ' 

2 

3   BLOWER 
vrfOTOR  (SIGHT) 

EMGlKJE   HOUSE 
SPACE   HEATER 

tREAR) 

ENGINE.   HOUSE 
SPACE    HEATER 

(PROMT) 

ENGINE HOUSE 
ROOF tvlOUNTED 
EXHAUST  PAN 

/1FTER   COOLER 
PUNP    MOTOR 

43 44 44 47 4» 4"» 50 51 52 

I r 
Vn \o \«p      ISA t? \„        1 1SA I -t    —<        v|5« 

4810-^" '   48W 

HORSEPOWER 
4«J VAC 

«COIL 
« &M£ 
278575) 

(1X2 

? OL 

,> &BCZ._ 

-93 

«25^3 

«») 

PLUG 
•5    AA 

TTV2A,     TTB2, 
ll 

4650^' 

S/S        CA 

4»»/   «ftsy-' 

4910^ 

U 

4920'"'   49»' 

L2( 

0*f*i       JIO£.*|       ÜI04 
if        12)  *        111 

PUJ&*'^!< ^ Jfe 

PLUG'UA 

JTB20,    3THA 
00) ip    in) ip 

7.5 KW, 4BOVAC 
HEATER WITH 

INTEGRAL THERMOSTAT 

7.5 KW,   4ft0 VAC 
HEATER  WITH 

INTEGRAL   THERMOSTAT 

2 HORSEPOWER 
12,850 CFM 

4U>VAC 

T2Ö T5 

412V   443V+   4944.^" 

S HORSEPOWER 

240GPM 
 460 VAC 

—F/W VENT 

3d :x 

3TO->. 

m 
t>H2 

OL 

VFC 

^VFC 

L(52J 

300- IT 

LESEND 

MCI   - SLEEO BLOWER C 

BBC2 - BLEED BLOWER C 

BBFICS -  BLEED  BLOWER F 

BBF2CB -  BLEEO  BLOWER F 

OL  -  OVERLOAD ELEK 

SORX  -   SHUTDOWN REL 

SHFCb  - SPACE HEATER  F 

SHRCB - SPACE HEATER I 

VFC -  VENTILATING   F 

VFCB -  VENTILATING   F 

03 

GS3290 

Ö -  ENG. CONTROL I 

O - MOTOR CONTRO 

Ä J3-27       g - JUNCTION BOX  T 

«S32«»        Q- ECU OUTPUT,. 
CPaqe ,/»sc-34      • - A1H. SERYICE.C 

k£XUFflN 

i>»SC-4+. 

-T-v..:--fi 
JpSS32.tA  
S./KP 

OL.    _ 

-6S32TB 

O—1| 1 
(51) 

Ll ,,      Tl 

(49) 

O        |[        O 

(SO) 
LS       ,,      T3» 
O 1| O 

C5I) NCHIMOAruMVC 

DUEL FUEL 1500 KW 
owes» or oca ran iws 

«t CMtociw    .    --" t 
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.-gig" 

4 
->"•■&-* «•=«■ I 4. !.J»W 

SINE   HOUSE 
VTE    HEATER 

(FRONT) 

ENGINE HOUSE 
ROOF MOUNTED 
EXHAUST   FAN 

-AFTER   COOLER 
PUMP    MOTOR 

4fc 47 4ft 4<> 50 51 52 

SEE NEESA OCM 89- 3«. 

SEE NEESA   OCM 92-20 992-2-19 

1989- 
8-2 

f vO 

Z2/    Agsy'' 

•< 
SHPCB 

O      'SA 
r-°— .£-. 

4910^"   4920 

LI, 

49 JO 

«911- 

PLUG'l,.- 

(9) <f 

T2Ö       TS 

AW.'' *n\ 

JT&24]    JTB2, 

/,   480 VAC 
SR WITH 
.L   THERMOSTAT 

2 HORSEPOWER 
12,850 CFM 

4WVAC 
5 HORSEPOWER 

240GPM 
 460 VAC 

LEOENP 

B8CI   -   BLEED  BLOWER CONTROLLER 

BBC2 -   BLEED   BLOWER CONTROLLER 

BBFICS -  BLEED   BLOWER FAN  CIRCUIT BREAKER 

8BT2C8 -   BLEEO   BLOWER FAN CIRCUIT BREAKER 

OL   -   OVERLOAD ELEMENT OR   INTERLOCK 

SDRX   -   SHUTDOWN RELAY, AUXILIARY 

SHPCB  - SPACE HEATER  PROMT CIRCUIT BREAKER 

SHRCB -  SPACE HEATER REAR  CIRCUIT BREAKER 

VFC  -  VENTILATING   PAN  CONTROLLER 

VFCB -  VENTILATING   PAN CIRCUIT BREAKER 

9 -   ENG. CONTROL PANEL, TERMINAL. BLOCK 

O - MOTOR  CONTROL CENTER TERMINAL BLOCK. 

S - JUNCTION  BOX  TERMINAL BLOCK 

□~ ECU OUTPUT,.  130 VOLT DC 

• - AIR SERYICE.CflBlNHT_IERI*NrtL BLOC 
~." .. * ^ 

-.G£32<M__ 

/KP 

VFC 
O \ o 

(3D 
U        ,,     Tl 

(49) 
L2 T2 

(30) 
L3                 Ti» 
O- 1| O 

(SI) 
pW«kt 

*om*aj.njm cm 

DUEL run. 1500 KW 
musa a oca ran rum 

—= Ttr 

^ 

784 
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NAVAL CNCRCr «NO OMKMUCNTAL SUPPORT «CTTVITt 

'  OVERHAUL 1500 KW 
MESa POWER PLANTS 

SCHEMATIC OIACRAM 
MOTOR CONTROL CIRCUITS 
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NONE 

O T 

•- 6276571 
•N47408-99-C-20II 

I» 25  " 
do) 

H 
! 

B 



DC LUBE CM. PUMP MOTOR OCme START / STOP CIRCUT «UTO ENG. BW 

'0 II 12 13 

123 VDC 
FROM ENCJNE MOUSE 

DC CONTROL 
cat BKR. 

ER 
to     a        9 
CH HO-NO 

(») 
CH KH« 

C2) 
DWG 6276567 

ST '«' SOK* 50R BR 

3 
o- ih^ho 

oHI -^ 

3 5 1 
CH M>N-0 

(I«) 
4 6 2 

CH hON-O 

^H(-^ 

3 t        4 
CH HD-H-O 

(JO) 

OWC 6276588 

7        6 5 
OH HOt-HO (») 

CH« 
(18) 

))- PIN WITH SWGLE LETTER -  ENGINE COVERNOR 

))- PLUG 8 - INTERCONNECTION CABLE 

© - TERM»*«*. BLOCK LOCATED IN ENGINE CONTROL PANEL (ETBJ) 

9 - TERMMN. BLOCK LOCATED IN SWITCHBOARD PANEL (TB2. TB3) 

O - TERI*NAL BLOCK LOCATED IN MOTOR CONTROL CENTER (MIT». UTB2. MTB3) 

S        II 8 

4»)      (7) 

3 1        4 
I l-O-M-O 
-      (17) 

7        6 5 

9        118 
CH M>+>K> 

(39) 

DWG 6276568 

3 1        4 
OHKWO 

(15) 
7       6 3 
CHKH+O 

(9) 
9        II        6 
(HKHK) 

(«) 

°* 
OWC     OWG 

8276S71 6278570 

1 5 3 
CHHD-N-O 

DWG 6276576 

2 6 4 
CH H>H-0 

W B-21 



« START / STOP CIRCUIT AUTO ENG. BARRING O.C. LUBE 0«. PUMP CONTROL 

13 I« '5 I« 17 18 19 20 21 

GOVERNOR CONTROL CIRCUIT 
LIMIT    START        LOWER RAISE 

ENGINE 
PRELUBE 

T01 

Ay-o    o-\j-o      b-A^-o o-'Xy-o 

5 I      3 1        4 

7       8 5 
OJjjOfK) 

DM 6276971 

9        II S 

06)      (17) 
7       6 S 

«118 
CM hO-N-O (») 

MRS 6276SC8 

3 1        4 

7       8 S 
WKH+0 (») 
S        II 8 
CHI-O-N-O 

(IS) 

O-A^y-O 0-f\j-0 

8 3 7 3 14 

6 4 8 7        6 3 
WKH+O      OH I-0-4-+-0 

9        118 
OH hOKHO 

TD2 

T04 

0€CK 
POSITION 

CONTRACT LOWER OFT RAISE LOCATION 

' 
N.O. TOP X 122) 
N.O. BOT X (26) 

3 3 1 
I t-O-M-O 

6 2 
WKH+O 

(23) 

°kw 
1 5         3 

Cme 6276S76 

2 6         4 
OH l-O-H-O 

3         3          1 

«62 
OH KH+O 

I      I       I trot nMT na 
auMmv ro« 

MM usomx 

«278571    «270570 

Jl HOVIU 
JO manu 
JOB low 
mcixMS      ±1/16" 
mas         to.5- 

mu MO 

•**       788  -   C 
00   n                  |M f MUM« 
om   a 
MMCM  -*>•   KUCX 
o*v CM 

wrttur ro 

cpMMwoa amen 
Mm 

MO. 
«■mar. "^                               ^ 

* IF  IN  DOUBT,  ASK  -  00 NOT SCALE 
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uup CONTROL GOVERNOR CONTROL CIRCUIT 
uurr  START      LOWER WISE 

22 

EN&NC 
PRELUDE 

2? 2» M 

(»R.IS) 

7 
K3 

8 
r-O 

c-v>° 
3 I        4 

7        8 3 
OH K>++-0 

(22) 
»its 

<W hO-H-O 

ccex 
POSITION 

CONTRACT LOWER OFF RAISE LOCATION 

1 N.O. TOP X (12) 

N.O. BOT X (2») 

O-A^y-O 

3        5        t 

* « 2 
oii-p-n-o 

(23) 

SEE NfesA no. «-I1 v/vn\ 

Ar* 

< 2 
< HOt^-O 

tAW ASSflMLT 

Jl DCONJ 

xr waau 
JOCC OCCatfU 

tl/1«- 

±o.y 

N  DOUBT, ASK  - 00 NOT SCALE 

BR - BARRMC RELAY 

CPP - CIRCULATING Puyp PRESSURE SWITCH 

CRI - COMTROL RECTIFIER 

OCCP - DC CIRCULATING PUMP SWITCH 

BFR - DIFFERENTIAL FAULT RELAY 

CCS - GOVERNOR CONTROL SWITCH 

C» - GOVERNOR IOLE RELAY 

cm. - covtRNOR uurr SWITCH - LOW 

HJWTS - MECH JACKET WATER TEMP. SHUTDOWN 

LOPS - LOW OR, PRESSURE SHUTDOWN 

LOT - LOW M. TEMPERATURE SWITCH 

LSOP - LOW STANDBY 0«. PRESSURE 

OTL - OVERSPEEO TRIP UMTT SWITCH 

PC - PUMP CONTROLLER 

RE) - RESISTOR 

RTU - RUHMNG TIME. METER 

SDR - SHUTDOWN RELAY 

SDRX  - SHUTDOWN   RELAY.  AUXILIARY 

TOI - IK DELAY RELAY 

T02 - T«E OELAY RELAY 

T03 - TIME DELAY RELAY 

TD4 - TIME OELAY RELAY 
ER - ENCME RUN 

Era - ENG. TERMINAL BOARD NO.   I 

CSPS - GAS SYSTEM POWER SW. 

ST - STAY«* RELAY 

- ECU INPUT 

- ECU OUTPUT 130V DC 

OPOWTMO POINTS 

SWITCH CLOSE OPEN 

PRESSURE P.S.L 

CPP 12 13 

DCCP 33 «3 

LOPS 30 20 

LSOP 13 12 

TEMPERATURE 

HJWTS tse 208 

LOT 93 83 

' 

788 DF 

mmcm K<M> nmtx 

UWKtOW TO 

waBM*M ***"w 
*FM.™ 

S? 

NAVAL FACUTIES ENGINEERING SERVICE CENTER 
KMT HUOCML CMTOBM UOU 

DUEL FUEL 1300 KW 
CONVERSION OF OlESa POWER PLANTS 

SCHEMATIC DIAGRAM 
ENGINE CONTROL CIRCUITS 

F 80091 
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if 

«3430 
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£ J3 
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J* 
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rJ2 
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CS30S* 

J- 

LOAO    6,T 
CONTROL 

O'AUTO 
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CONTROL   L/ 

QKEuort 
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STATT 
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JJ     ^L J3     ^ , JJ 
;io> »(ij) »tf 

«303      GS30S 

X30B 
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GS302N 

■TOW. 

i. 
«302G 
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tuimrn 

WHT/BLU 

TO CLOSED CKT 
TELEPHONE SW. 
FDR REMOTE 
STOP / START 

IKoaU 
XI 0COM5 
m OBtms 
mans      *1/16* 
«a ±0.7 

966A-  DF 
|W rcCLLAUt** 

i« >*IC   K.M4CX 

«Ph-W rCGESQlt    PtC   IWI 

ffi 

■ana» or nc MM* MM Mom» DMBM CGMMM» 

NAWL FACILITIES ENGINEERING SERVICE CENTER 
ran HUM«. CNfOM uou 

oua Fua 1500 KW 

CONVERSION OF OlESa POWER PLANTS 

METERING CUBICLE. RIGHT WALL 

80091 cow* awnt NO 

»I  DOUBT. ASK  -  DO NOT SCALE 



V 8 6 

H 

B 

os/ocpua. 
DI3C.Ca.-T2 

04/DC 
Dec.ca.-Ti 

OS/T8I/49 —n 
•06/CiTM ' 
ii»/c6Ta-a 

X 105 

TU 
F7 

37 

35* 35A 

fr¥ 

•104 

_a^snR-io 
II7/CKT6-IO 

-IM/TBt/39 
-IK/TB2-31 
 UV3T2R-S 

l30l/PtÜG-ß,PIN-ä- äOl/PUXS-Ci.PIN-*- 

-*I2 

Bffl/PUJ3 5.P1N I 

^l  

-tß. 

-1<t 

T 
J 

a. 

»»■ 3- 

532/T52SS—' 
552/HM   

J20/IW-+- 

TOGEARMTft. 

•-^307/£I.RaC-2 
307/ T62.-41 

30VEUW-I- 

 ' 3I0/PUKB,P1IJ2: 

•        S3L. 

:—*tt 

0+K> 
S06 
^ 

D4. 

CH+O 
3I7 4- 

♦)&-• 

w 

-K)3/F1UGG,PIU2 

—KB/MAW OCC.a-T! 

"**   i KW/PUJG6, 
PIW I 

»o4r7vioz/M*IMCC 

«6 C&.-T2. 

ffi 

CCPWR.DISC. 
c.a. 

# -I05/T8I/J0 
■I05/F4-1 

I04/F5 -I 
#10- 

• I04/TBI/I9 

8 © B-39 



2 

G,PIN-i—i      äOl/PLUQ-q.PIN-* 

V 

307/ELWr4 

• r^ttl »12- 

Q 

?D-' 
SJ-^O-W 

EUttb 

&. 

' ^2        . 4~*f2 
i B,PtM I ' SIQ/PU» S.PWZ1-^ ,ri 

£2. 
O+KD- 

906 3- 

HP~f^"FflP"^ 

DA 

0»-0 SI7- 

 Kn/PUJSG,P*M 2 

i—«a/M»N ncca-Ti 

"-♦6 -«»/PUG 6, 
Ptkj I 

■M02/MAWOC 
-«6 C&.-T2 

DCPUJB.DISC. 
c.a. 

# 
«J 

L-W4/TBI/I9 

P-KM 
-«, 
ICH 

IOS/TBI/20 
KM/FS-I 
ICH/F5 -I 

B-39 

A- 6) 

506 

' ""»2        no/au«—J 
L-lffl/CLRI-5 

• HH2 

o+«-o 
306 

^ 
Di 

ow-o 
VP> 

3VCCT-XI - 

3VCCT-X2- 

♦12 —^ 

3V7BI-». 

3B/711-ZZ- 

46/PUJ6B,P1U + - 

4VTBI-I*- 

«S/TBH5- 

6S/T6H6- 
Uf 

«/TBI-I ~ 
n/TB-2 - 

60 Aw-18 - 

S3/TBI-2I- 
I6/6PTI-HI- 

17/EPri-a.- 

ia/6PTJ-X£- 
I8/TBI-3 

EJ 

>Ei 

T 

LUG 
CHASSIS GPCUtf) 

-SS2SOC/PFC-C 

"* NOTE'  STENCIL IKI BLACK PAINT AND 'V I 
•4IT&* ON SUWAN ABOVE TEIV1IHM- 

snja 
-eoi/sxouNo BUS 

DUO. FUEL  1500 KW 
CDwa« or Km mnt funs 

www KlCCSOT- QCC    DM 

967-DF 
'«miwuu 

'"Z^C* *it,.-<i UETOJINC C 

800? 
NONE 



2 
 —"W^ a     / "-I-"* '' 

S05/ELRI-7 

s>—O—§i 

^-»12 

T 
J 

J3L 

♦2        no/euu-6—• 
W/CLRI-S 

JiL 

•tl2 

-04K) 
306 
^ 

D3 

-OH-O 

RLLK» 
CH*S6lS GPCUU» 

S5/tt>-6 

SSÄSOC/PFC-C 

<■■«  NOTE:   STENCIL IM  BLACK PAINT AND Mz* UETTEPS 
'4IT&' ON  SUBPAN  ABOVE TENIINAL BOAW). 

BSS 

Oua FUEL  1500 KW 
CDMCsai v DCH ram FDWS 

967-OF 

<2> 

H 

HAW*. ENCRCr «NO 0WDCH1ICNTAI SUPTCRT AC7MTY 

OVERHAUL 1500 KW 
DCSEL POWER PLANTS 

"2* o. **■<•■-  METERING COKCLE. SUBPA» W*»« WAGRA»» 

80091 
NONE 

»"•     N«740B-8»-C-20n 
I—" 89 " 

I    > 

B 

j 

^;.';#S 



^ 

!r":'- 

H 

" 

1 

RECEPTACLE "G- 

|—I30I/ELRIA-I 
-IO2/0C FWR C.5C CB-12 

RECEPTACLE F» 

j—I63/480V OISTB =NL-C32-tl 
i—165/480V 3ISTR PNL-C82-L.J 

■-309/aRa3-l 
■— lOi/OC PWR DISC C8-LI 

ffgcrPTPrf F 

>—I64/«80V OISTR PNL-C8Z-L2 
•—166/ I20/240V C;STR PNL- 

COMMON NEUTRAL 

SS30IL 
GS3OI0 

— SSI4M 

SHIELD 

SS3«rc 
GS33BC 

179/ 120/2« 

SCflM-Tm£''**0 — „  lTT«/ÖRW _ 
QISH^L GN&>—TELE/RED 

SMWC7IU/8LK 
- -    <KI) TBLE/BUC 

SP*r  SM»F/(?tD 
Swire SHtn/um. 

B 

;';;v 

8 

£> B-41 



1 ^ f pm mw ■lT^'«~: -*- T^-J-4^ 

ü 

548/TB2-64- 
547/T62-63- 
SH/TE2-65- 

RECEPTACLE'Cr 

■178/ I20/240V OISTR PNL- 
C8II-LI 

H2 

RECEPTACLE -C 

■ 402/480V OISTR PNL- 
C84-L2 
p4OV480V OISTR 

PM.-CB4-LJ 

•—180/I2O/240V OISTR PM 
COMMON NEUTRAL 

-179/ IZ0/24OV DISTRPNL-CBII-L2 

-      *'/7»l 
S»Ti/3/ 

RECEPTftri p 

SNTi «$!£- 
SCfflW-f7*1^**0   _ „      ^"^Cmf./ÖRW    

(SSN*L <SNO>—TELE/RED 
SP»«TIL£/BLK 

 _..(Ktt TTLE/8UC. 
■     TELE/Ons 

SW*t  3Wn/<?tD 
SWB1E SWF/WOT- 

RECEPTACLE-H- 

5I9/TB2-22 

525/TB2-29 

526/TB2-A0 
520/TB2-23 
527/TB2-3I 
52I/TB2-24 
S22/T82-25 

5IVTB2-I8 
504 TB2-I7 
SI3/TB2-I2 
535/FI2-2 

503/TB2-I6 
532/TB2-S 

534/HR-2 

■40I/480V DISTR PNL-CB4-LI 
4O4/I20/24OV OISTR PNL- 

COMMON NEUTRAL 

SH/Te2-68- 
29I/TB2-57- 
290/TB2-66- 

SH/TB2-62- 
546/TB2-6I- 
54VTE2-60- 

524/TB2- 
528/TB2- 

529/ANN 

5I8/TB2- 
523/TB2- 
5I7/TB2-: 
5I6/TB2- 

S5I/TB2-I 
50B/TB2-I 
511/TB2-6 
507/TB2-7 
509 TB2-I 
502/TB2-2 

500/TB2-6 

RECEPTAC 

I003/TBI-6(SPARE>- 

KXB/TB1-5 C SPARE >- 

TBJE/WHT CTRI>MSMTT> 
SPARE Ttte/wm- 

Sr«E TELE/eiU 

IIO/TBI-42 

I09/DISC-SW-2 
2S3/TBI-46 

52/TBI^X7 
53/T8I-38 

255/TB2-40 
310/ELR3B-3 

50/TBI-32 

44/TBI-I3- 

I302/ELR3A-3- 

E52. 

B-41 ~@y~r 

DUEL RJtO,   1500 KW 

co*€B» or oca row nwis 

.MWC CM.OCWS , 

Hr 

969-DF 
JMMi; 

,1 'fflr.'i 
''■•"'■ 



rj- ~*-^f- t       wmim ^    II     II      . - T 1    ^      J     *'    ' 

l"*'1"' 
T 4"n ■ * —»i' 

H 
i^-X:y 

RECEPTACLE'A' 

548/TB2-64 
547/T62-63   „ 
SH/TE2-65-> 

RECEPTACLE"H- 

V OISTR PNL 

RECEPTACLE"C" 
p 4O2/480V DISTR PNL- 

CB4-L2 
r«a/480V DISTR 

PN.-CB4-LJ 

5I9/TB2-22 

3/240V OISTO PNL- 
MMON JCUTRAL 
*PM.-CBII-L2 

r^CLE   »S 

S23/TB2-29 

526/TB2-J0 
520/TB2-23 
S27/TB2-3I 
32I/TB2-24 
522/TB2-25 

5I3/T82-I8 
504 TB2-I7 
5I3/TB2-I2 
535/FI2-2 

5Q3/TB2-I6 
3S2/TB2-5 

534/HR-2 

•—401/48« OISTR PNL-CB4-LI 
•—40«/120/240/ OISTR PNL- 

COMMON NEUTRAL 

SH/TB2-62 
54S/TB2-6I 
54S/TE2-60 

524/TB2-3 
52a/TB2-32 
529/ANN PWB SUPPLY-TBI-7 

5I8/T82-2I 
523/TB2-26 
5I7/TB2-20 
5I6/TB2-I9 

55I/TB2-I3 
50B/TB2-I4 
51I/T82-6 
507/T82-7 
509 TB2-I5 
502/TB2-2 

500/7B2-8 

G 

RECEPTACLE"B' 

1003/TB1-6 (SPARE)— .. II8/T8I-4I 

KXK/TBI-3CSPARE)—, , I0O4/TBI-7ISWRE) 

StOFF t/Sf 
SNTFF Ä/P* 

SWFr3/S3 
— SNIFF $fc3 

rcu/Reo-of>EN 
TEu/wHT rnwwsMrn 

SP**r SNTTF P/*X 

SMKETELt/OLK 

S«»RE Tae/wwr 
. SPRKE TELE/Btu 

IIO/TBI-42 

IO9/0ISC-SW-2 

263/TBI-46 

#12 

S2/T8I 
53/T8I 

255/TB2-40 
3I0/ELR3B-3 

JO/TBI-32 

 IOOI/TBI-41 SPARE) 

4—60/TBI-ia 
A II7/TW-9I 
tf— »/TBI-21 

II4/TBI-47 
IIS/TBH48 

264VTBI-4S 
262/TBI-44 

26C/T82-4I 
51/TB1-36 

D 

46/VR-3 

-#12 

MW ENCTG» «NO DMKMMCNTM. SUPPORT ACTIWTY 

OVERHAUL 1500 KW 
WESEL POWER PLANTS 

UETERtNC CUBICLE. 
CABLE RECEPTACLES VNRINC OIACRAU 

80091 

®T-I 
NONE 

N474Oa-39-C-;011 
|»t~9Ö~5 



H 
im* DETECTIOtf   SYSTEM   CONTROLLER 

5E*S0* 1 

SEN30« a 

SEN.50I? 3 

{ 
PI H 1 

Ä 

pi- 

t 
2 

LOW 
ALA I?* 

c 
MO 

Hi 

sy R 
Gl v 

P.? fl 5 
"5? R J«_ ( 

P3 

? 
HIGH 
ALARM w 

c 
si R 

3 GT W -1 

TffOUBU 
c 

-C 

ac. 
x/ypuT 

sit/amf SEC I 

rji/*** iEC I 
'rat »3 

3*SD/GSTB*I 
3K-C/6STB *i<1 

WV/6STB*3o 

3MF/GSTB »3/ 

53VTB2.40 

*2t/»v«TB3*7 
Sto/HHM TBS 98 

ANN 

TB2 
COMMON   CELL 

TBI 
i 

i 
6. 
7 
I 

n*ri?.7M-ET 
525/T22.29- 

-uz/Tua aara2.30- T 
-Hi/ism ws2.it— 4 

aa/iK.32- 6 

T&3 — «Mio»oia(v(o 
J[ 

TB2 
T 

CELL  NO 3 
TBI 

-f-ai/rs.24 äuvrB?.* 
3il/r6Z.6. 

. S27/TBZ.25 
4 532/782.5- 

3IV7DLI2-T- 
SS(/TBZ.I. 

nyiH.24 

TB2 
—5H/TO.2I SOV7B7.5- 
J 304/TN.ä- 

CELL NO 2 
TBI 

-SO/TB2.22 

-S20/T82.25 

507/TB2.7- 
ä*/7B?J4- 
50VTo2.lS-' 

TB2 
CELL NO 

—5I5/TB2.IS 500/ 
30V 

5I6/7B2JJ 

sovr 
304/r 

T-SI7/TB2.20 

^-K 

ELSW 

*II/TBt.42-|- T» H2 -A-507/TBZ.4S 

-#72 

3MATWA5T 

-£L 

W® 
St«73«tir 

537/£TS*3r—I 

EOP 

5407TB2.5Z 
539/782.51 

/77/7BZ.50 
-I76/TBZ.+? 

1M/52CS. IT -p^O-lti/SZCU/^ß- II4/TB2.35 M- 
ETSW 

534/ET. ID- 
ET.8 —3T 

M7/ET- 7 
ET-9 

B 
54*/T52J4 

MVtK.SJ- 

IT 

5T 

TOP 
rW/TBZ.33 -,        52CS ES        . 

3       m/U-' ~\^m TOPläti-ii;/rB2.37ffi5/7B2-w—j^^f—a**™-"" 

,    BOTTOM   , 

S&&!*P    EH""»«6 

547/TB2.4S 

HEAD 

290/TflZ.i& 

Z9l/TBZ_<i7- 

8 

(P 
i. 

B-43 



—5557TBZ.4« 

IE 
REVISIONS (comiNufO) 

DESCRIPTION I DATE   IAPPSOVE |m«|ii<!T 

CELL NO 2 CELL NO   1 
TBI T82                                TBI 

5i!/W.ZI  SOVTB7.9— 1 i -SlS/TK.» 500/7B7.8-1 
304/TB2.3-1 

5Ö/TB7.S -3- i                  30I/T82.I- 
fsÄ/razjj 2 

3 
507/T07.7- 4 4 Sce/TBZ.2- 4 
5M/TB7J4- * 4 5Dyrs?jt- 5 
50V7K.IS- 6 3W/TBZ.I7- 6 

>70/IB2.U 
Lai 

T-SI//JB2.2D 

* TB2 

PIUG'H" - 

SOI/PIN-I- 
502/PIN-2- 
506/PIN-3- 
SIO/PIN-4- 
552/PIN-5- 
51 l/PIN-6- 
507 PIN-7- 
5O0/PIN-8- 
30VPIN-9- 

07/TD2.4S 

•a 

JEOP 

'   H3: S+0/TB2.52 
539/rB2.SI 

/77/TBZ.50 
-»76/TB2.4» 

■ II4/TB2.35 

3I3/PIN-I2—  12 
55I/PIN-I3—  13 
503/PIN-I4—  14 
309/PIN-I5—  II 
503/PIN-I6—  16 
304/PIN-I7—jj 

.   .       3IVPIN-I8—  18 
HUG H   <   3I6/PIN-I9—  19 

3I7/PIN-20—.20 
3I8/PIN-2I— 21 
3I9/PIN-22— 22 
32CVPIN-23— 23 
32I/PIN-24— 1? 
322/PIN-23— 25 

^_ i 32VPIN-26— 26 
329/ANN PUR SUPPLY-T8I-7—jg 

C 324/PIN-28— 28 
. 'I  32S/PIN-29— 29 

Hi« M   4 326/PIN-30— 30 
I  527/PIN-3I— 31 
. 328/PIN-32— 32 

H4/F7-2—ij-ää 

ES 

vrez.37' 

/TB2.3C 

»S/TB2.40— 3>-i HJ ffiO/T62.4J 

1M/DM— 
.II4/DSI-I 
IIVOSI-2 II5/CBTB-9- 

Bt/Btt-JG- 

II6/C8TB-II- 
lll/TBI-43- 

-50I/ANN 
-502/ANN 
-506/ANN 
-510/ANN 
-552/ANN 
-51 l/ANN 
-507/ANN 
-500/ANN 
-50 V ANN 

CEU*I TBI-2 
CELL »I TBI-4 
CELL*2 TBI-2 
CELL'S TBI-I 
CELL»3 TBI-4 
CELL*3 TBI-2 
CELL*2 TBI-4 
COX* I TBI-1 
CELL^TBI-I 

34 

-513/ANN CELL *3 TBI-5 
-551/AMN CELL*3 TBI-6 
-508/ANN CELL *2 TBI-5 
-509/ANN CELL*2 TBI-6 
-503/ANN CELL#I TBI-3 
-504/ANN CELL »I TBI-6 
-515/ANN CELL*I TB2-I 
-SI6/ANNC£LL*I TBZ-3 
-517/ANN CELL*I TB2-7 
-5I8/ANNCELL»2T82-» 
-5l9/ANNCELL*2TB2-3 
-520/ANN CELL*2 TB2-7 
-521/ANN CELL*3 TB2-I 
-522/ANN CELL'S TB2-J 
-523/ANN CELL*3 TB2-7 
-529/ANN COM CELL TB3-7 
-524/ANN COM CELL TBI-I 
-52VANN COM CELL TB1-2 
-526/ANN COM CELL TBI-3 
-527/ANN COM CELL TB.I-4 
-52B/ANN COM CELL TBI-6 

SZiiSflETl    II3/TB2-7I -II6/LI-2 
-III/32CS-2 

HEAD PHONE JACK 

290/mZM-p- 

29t/Ta2-<l7-lr 

II2/C8TB-4 

„.„.-a- f 25VPIN-I5 
"•Uö *.A  260/PIN-I6 4112: 

3II/ELB2-8-)- 
307/FI4-2-IJ-. 

SSO/ANN PWR SUPPLY-TBI' 
SS33ZC/G3TB-t* S3I/HR- 

^ 333/Hf* 
33S/HR- 

176/ANN PWB SUPPLY-TB2- 
177/ANN PWR SUPPLY-TB2' 

539/PIN 

PLUG'A   - 

-11S/TR-3 

2ÄVHEAC 
291/HEAI 

532/ANN 
II4/TB2• 
IIVTB2 

*   NOTE:   STENCIL  IN  BLACK  PAINT ANO   ' 
"TB2" ON SUBPAN  ABOVE TERM 

B-43 



_rT*C^i£«*\—*■ 

El 
REVISIONS (CONTINUED) 

DESCRIPTION I PATE   IAPPRQVE 

TBI 
i 

uL 

A 
5 
S 

* TB2 
30I/PIN-I- 
502/PIN-2- 
506/PIN-3- 

.   . 5I0/PIN-4- 
H.LG  H   <    5S2/PIN-5- 

51 l/PIN-6- 
507 PIN-7- 
3O0/PIN-8- 

.  3Q3/PIN-9- 

3I3/PIN-I2- 
35I/PIN-I3- 
30B/PIN-I4- 
309/PIN-I3- 
303/PIN-I6- 
304/PIN-I7- 

.  .       3I3/PIN-I8- 
PtUS H   i  3I6/PIN-I9- 

3I7/PIN-20- 
3I8/PIN-2I- 
3I9/PIN-22- 
S20/PIN-23- 
32I/PIN-24- 
322/PIN-2S- 

i S23/PIN-26- 
32S/ANM PMR SUPPLY-T8I-7- 

' 324/PIN-28- 
32S/PIN-29- 
326/PIN  _ 
S27/PIN-3I 
S2B/PIN-32 

ITT 

_5_ 
.6. 
_7_ 
A. 

ja 

ii 
J4_ 
li 
J6. 
JZ 

21 

= f if 

PLU»V« 

.114/OSt-l 
II5/0SI-2 

-501/ANN 
-502/ANN 
-506/ANN 
-510/ANN 
-532/ANN 
-5M/ANN 
-507/ANN 
-500/ANN 
-50VANN 

CELL*I 
CELL »I 
cat*2 
CELL*3 
CELL*3 
CELL*3 
CELL*2 
CELL» I 
C£LL*2 

TBI-2 
TBI-4 
TBI-2 
TBI-I 
TBI-4 
TBI-2 
TBI-4 
TBI-1 
TBI-1 

m/Btt-jo- 
116/CBTB -11 
lll/TBI-43- 

— J1-—Mfi'Ll-^ ^    "3/T°Z-7l 
— III/32CS-2 

Z JACK 

II2/CBTB-4 

^•osi #12 i 
3II/ELR2-8-J- ' 
3O7/FI4-2-0-] 

-513/ANN CELL »3 TBI-5 
-551/ANN CELL »3 TBI-6 
-508/ANN CELL*2 TBI-5 
-509/ANN CELL*2 TBI-6 
-503/ANN CELL#I TBI-5 
-504/ANN CELL*I TBI-6 
-5I5/ANNC£LL*I TB2-I 
-516/ANNCELL*! TB2-3 
-317/ANN C£LL*I TB2-7 
-5I8/ANNCELL*2TB2-I 
-319/ANN CELL*2 T82-3 
-520/ANN CELL*2 TB2-7 
-321/ANN CELL*3 TB2-I 
- 322/ANN CELL *3 TB2-J 
-523/ANN C£LL*3 TB2-7 
-529/ANN COM CELL TB3-7 
-524/ANNCCM CELLTBI-I 
-323/ANN COM CELL TB1-2 
-326/ANN COM CELL TBI-3 
-527/ANN COM CELL TB 1-4 
-528/ANN COM CELL TBI-6 

330/ANN PSW SUPPLY-TBI 
CJ33ZC/SjTe-« 331/HR 

533/ HR 
535/HR 

176/ANN PWR SUPPLY-TB2 
177/ANN PWR SUPPLY-T82 

339/PIN 

PLLGV« 

■US/TR-.3 

II2/S2CS-2T 
.Itt/WS-SWO 

255/ES-l a60^OLR-» 
260/ES-2 .,- 

-+-3II/ELSW-I c- 
+307/ELSW-2 

331VANN COM CELL TB3-B 
— 531/ANN COM CELLTB2-4 

^l^a SSM4B/G3T8-H 

— I77/E0P-2 
539/EOP-IO 
54<VECP-B 

54I/ETSW-I 
542/ETSW-S 

343/ETSV»-5 
544/ETSW-7 

60 fr-54S/ETSW-2 
ITHf 546/ETSW-4 

63H4-547/ETSW-« 
Hj-r>548iCTSW-8 

MW-290/HEAD PHONE JACK- I 
67>y-29l/HEAO PHONE JACK-2 

69] 532/ANN COM CELL-TBZ-3 
70. — II4/TB2-33 
2i_— IIVTB2-34 

•*•  NOTE:   STENCIL IN BUCK PAINT AND '/j* LETTERS 
"TB2" ON SUBPAN  ABOVE TERMINAL BOARD. 

BESal 
NCM0CLATUVJ OM 

OUEl FUEL  1500 KW 
cowa» t» wai rao ivws 

wnrtctwrr lo 

MOBm» nCLCISO« :**;• .'»W ^ 

970-DF 
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Energy Conversions Inc. 
Natural Gas power from EMD engines 

Technical bulletin    05-001     2/7/96    Pglofl 

Subject  :   Special tools used on natural gas converted engine systems 
File name: TBTOOL.DOC 

ECI has worked to keep the required special tools to a minimum.   There are several tools 
that are required for proper servicing and operation of the converted engine.   At the bottom is a 
short list of tools that are not supplied by ECI. 

Rack Measuring Tool p/n 05-0130: This required tool   is needed to properly set the 
level of diesel pilot fuel. Code named boomerang.   This tool is not designed to come back if you 
throw it real hard.   The boomerang has a detachable standard that is used to calibrate it. The 
standard is available separately if lost or misplaced,   p/n 05-0132 

GIV port brush p/n 05-0112: Not required, but useful.   This bottle cleaning brush 
works well for cleaning out the oil and small debris that may be left in the hole where the Gas Inlet 
Valve fits into the cylinder head.   If there is heavy buildup from a leaking seal washer this brush 
won't help. You will need a ream.    ECI can supply a modified ream that will scrape clean the 
surface where the seal washer sets too. p/n 05-0113 

GIV removal and installation tools:  1/4" drive - 7/32" hex driver, 6" long 1/4" wobble 
extension, 1/4" to 3/8" drive adapter and a torque wrench that can indicate torque at 22 Ft. Lbs. is 
needed for Gas Inlet Valve installation.   Snap-On part numbers indicated in the table below. 

GTMA7 Hex wrench for GIV crab bolts 
GTMXW60 Extension 1/4" wobble  6" long 
GTMA1 1/4"- 3/8" adapter 
GSC040 Gas line crows foot 1 114"   112 drive 

Pressure gauge: 0-160 PSI hand held gauge with adapter fitting for quick 
connect/disconnect 

Adapter fitting: for installation to relief valve, allowing measurement of 
compression or combustion pressure using standard Kein indicating gauge. 

Useful tools not normally supplied by ECI: 
A pump spray bottle for searching out pipe leaks using soapy water. 
3/16 lead wire for taking Piston to head clearance (available from EMD) 
Torque wrench, 3/8" drive 15-75 Ft. Lbs. (Snap On # QJFR275E) 
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Energy Conversions Inc. 
Natural Gas power from EMD engines 

Technical bulletin 20-001    2/6/96    Pg.l of 3 

Subject: Injector settings and adjustments for ECI converted dual fuel engines in stationary 
power applications.   Page 1 of 3 
File Name: TBINJECT.DOC 

Use the special ECI tool to measure 
the rack lengths.   It is designed to better fit 
the tight areas of the injector rack and to 
measure the longer rack positions. 

For initial setup of the racks after kit 
installation and any time that the engine 
governor is changed or if significant linkage 
service is performed start at step number 1. 
If a routine adjustment is to be performed or 
inspections are to be made start at step 5. 

A simplified description of the steps 
taken to adjust pilot fuel is to first make an 
initial adjustment of injector rack to 
governor position, (injector to governor 
relationship). Next make an adjustment the 
pilot stop adjustment screw and third set the 
injector racks. 

Standard settings for injectors are 
dependent on the part number of the injector 
applied to the converted engine.   The 
5229335 injector will operate well at a 
injector rack setting of 1.870"  the 5229250 

injector will operate better set at 1.830" 
Testing has shown that when Roots engine 
injectors are installed into Turbocharged 
engines they can provide a reduced pilot fuel 
consumption.   However there are other 
variables that can affect the combustion of 
pilot fuel to the level that increased rack 
settings are required.    Efficient air after- 
cooling and large load changes create a 
potential for misfire.  To avoid misfire the 
pilot fuel must be increased.  The rack 
setting value for turbocharged natural gas 
engines using injector part number 5229200 
will vary depending on the type of air after 
cooling equipment used and the type of duty 
cycle that the engine is normally operated. 
Additionally due to manufacturing 
tolerances, rack adjustment should be done 
when the injector racks are at the pilot fuel 
level. 

The table indicates expected rack settings 
for different operations 

Load swing After Cooling Rack Setting 
Tool standard length 1.870" 
Low to Medium Enhanced 1.830" Navy MUSE 
Low to medium Extended 1.800 
High Extended 1.780" Rig 801 

The detailed procedure for proper 
injector setting is as follows. 

1. Make certain that air pressure is 
available to the gas control system and turn the 
gas supply off. 
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2. Install a governor jack and adjust it 
to hold the governor and injector racks to the 
full fuel position.   Pay attention to the 
possibility that one or more injectors links 
maybe to short and bottoming out on the 
injector.   This would cause adjustment errors. 
Extend the adjustment of any cylinder if this is 
the case, insuring that the governor is free to go 
to its full fuel stop. 

3. Set up the rack tool so it indicates 
zero with the 0.625" standard (the short end) 
On two of the cylinders, one on each bank 
(easiest if it is the first cylinder on the bank) 
adjust the racks to 0.625". 

4. Remove the governor jack and set 
the fuel limit knob on the governor to the no 
fuel position. 

5. Press the buttons on the gas system 
diagnostic screen, Alt + Page Down.   This 
will put air pressure on the pilot stop ram.   (If 
gas pressure over 25 psi is detected by the ECU 
it will not put air pressure on the system.   It 
may be necessary to manually bleed off some 
of the gas pressure to allow the adjustment. 
This is conveniently done at the point where the 
gas pressure test point is located.) 

6. Calibrate the rack tool to zero on the 
long side of the standard, (see notes on using 
the rack tool) 

7. Measure the injector racks of the 
injectors that were set to 0.625" make 
adjustments as necessary to the pilot stop ram 
screw so that the injectors you previously set at 
the 0.625" setting are very near the tools setting 
with the standard. (You may find that the 
injectors are not equal. One rack may be longer 
than the proper setting and one may be shorter. 
In this case split the difference).  Now you are 
done making adjustments to the pilot stop 
adjusting screw. 

8. Set all of the injectors to the proper 
pilot fuel setting as indicated in the above 
tables, (including the two used for governor to 
injector relationship) Accuracy is critical to 
insure proper gas operation. 

9. Return the fuel limit knob on the 
governor to the max fuel position 

10. Press a button on the ECU screen 
to deactivate the pilot stop test. 

11. Open the gas supply manual valve. 

Notes on using the ECI rack measuring tool 
The ECI rack tool is used to measure 

the length of the diesel injector racks for the 
purpose of adjusting and setting the diesel 
injectors for proper dual fuel operation.   It is 
designed to fit the tight areas of the injector 
rack area and to measure the long rack 
positions. 

Prior to taking measurements the tools 
calibration should be checked. Hold the 
standard in place and set the dial to zero. You 
may find this a little difficult.   By using your 
thumb you can move the tools lever and lessen 
the force from the spring on the standard. 
After you have made adjustments to the tool 
and rechecked them you are ready to measure 
the prepared engine injector racks. 

The indicator on the rack measuring 
tool reads 1/2 of the actual rack deviation 
because of the lever to pivot ratio.   The 
adjusted rack length change is twice the reading 
of the indicator scale (2:1 ratio).   For an 
example, a rack adjustment of 0.020" would 
only indicate a 0.010" on the dial. 

Careful attention should be taken when 
using the standard and to acknowledge what the 
standard is.   The most common supplied is 
machined to 1.870" however for known 
applications such as Rig 801   a standard of 
1.780" has been supplied.    If you are trying to 
set the racks at a level that is different than the 
standard you do the math to determine what is 
the setpoint you are aiming for on the indicator 
dial. For example,   if the proper rack setting is 
1.830" and your standard is 1.870", (0.040" 
difference) the normal procedure would be to 
zero the indicator with the standard.   Then 
adjust the rack linkage to the setting that is - 
0.020" from the zero.    Refer to the engravings 
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determine if you have a special standard. 
**special note**   Pay attention to the small 
indicator pointer as well so you don't 
inadvertently make settings that are off by 
0.200". 

Injector Timing 
Injector timing is independent of the 

rack setting.   Different injector types are set at 
different flywheel degree points. 
Injector part # Timing degrees 
5229200 4 Deg BTDC 
5229250 4 Deg.ATDC 
5229335 0 Deg. BTDC 
Certain applications may allow adjustments to 
this setting,    depending on gas quality, engine 
load and turbo after cooling, advanced or 
retarded timing may be desired.   Always start 
with the standard setting. If gas content is 
largely methane ">92%" and the after cooler 
system is optimized then advanced timing 
could provide greater thermal efficiency in both 
the diesel and the gas modes of operation.   On 
the other hand if gas quality is low and air box 
temperatures are high a reduced timing may be 
necessary to avoid the lifting of the cylinder 
relief valves.   The maximum advance setting 
for the timing on these injectors is 8 degrees 
BTDC.   Consult ECI before attempting to 
adjust and operate an engine at this level. If an 
over advance setting is made to the cylinder the 
rocker movement will be greater than the 
movement of the injector and damage to the 
camshaft, rocker, injector and cylinder head 
will occur.    Potentially requiring the 
replacement of all of these components 
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Energy Conversions Inc. 
Natural Gas power from EMD engines 

Technical bulletin 20-002    3/5/96    Pg. 1 of 2 

Subject: Injector calibration for dual fuel converted engines 
Filename: tbinjcal.doc 

Explanation: Injectors used on engines converted to operate dual fuel differ only in there 
calibration.   The diesel injectors contain all the same parts as the standard injectors.   There 
have been three different part number injectors used in Dual Fuel operation to date. 
5229335, 5229250 and 5229200.   Normally these injectors are calibrated on a test stand 
with a rack length of exactly 7/8", stroked a number of times (300 or 400) and adjusted to 
match a calibration standard.  For optimum dual fuel operation and balance, the injectors 
are calibrated at there pilot fuel setting. 

The explanation given here assumes that the person doing injector calibration is 
already knowledgeable about operating the calibration machine. 

The injector is now calibrated at a rack length of 1.880" it is then stroked a number 
of times dependent on injector part number.    The injector rack slide is then adjusted so the 
injector delivers the proper level of fuel.  The fuel feed pressure should be kept between 30 
and50psi.   The speed should be kept between 880 and 910 RPM.    To hold the injector 
rack to the new (longer) position of 1.880" a simple extension should be added to the 
standard rack holding fixture.   This extension can be obtained from ECI.  After installation 
of the extension check the setting with a depth mic and make adjustments if necessary. 

Insert the injector rack into the holding fixture.   Because the rack is at its long 
position it is more difficult to seat it into the holder.  By using a short push rod at the back 
of the injector rack it is easy to force the rack into the holding fixture.   By performing 
adjustments you will find that some injectors are very sensitive and that a small fraction of a 
turn on the adjustment screw can make a fairly large difference. 

Table 20-1 

Injector type number of strokes number of CC's 
5229200 1600 45-55 
5229250 1600 65-75 
5229335 800 45-55 

The time for tests on injectors are longer due to the number of strokes.  There are 
alternate methods of running the tests because of the low amount of fuel pumped. 
Especially useful on the 5229200 injectors you can set the test stand to run manual so as not 
to shut off at the time the counter is reached.  Preliminary adjustments and inspections can 
be performed on fewer strokes.    After you have fuel to a level that is visible in the column, 
note that level.    Start the test and measure just the amount of change in level.   You can 
run several of these tests back to back before draining the columns.   When you think you 
have the level set then run a standard test. 
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It may be desirable to run a standard test on the injectors after they have been 
calibrated at the pilot fuel level just to note the level of shift in the delivery.   If desired you 
can use the table supplied to record the variables associated with injector performance. 

Injector calibration record sheet Date 

Part 
Number 
Injector serial # 

Std. delivery before 
before pilot settings 

Pilot level setting 
after adjustments 

Std. delivery after 

1 
2 
*> 
J 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

■22 
23 
24 
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RECOMMENDED SPARE PARTS LIST 

DUAL FUEL DIESEL ENGINE 

Item Description Park Number Manufacturer Qtv 

001 Piston 10-1002 ECI 4 

002 Piston Rings 10-1004 Kaydon 4 

003 Cylinder Head 10-1005 ECI 4 

004 Cylinder Relief Valve 10-1020 ECI 4 

005 Air Cylinder, Diesel Cont 20-1110 BW 1 

006 Gas Inlet Valve Assy 35-1402 ECI 4 

007 Filter, Gas Inlet Valve P-18 Aeroquip 16 

008 Gasket, GIV to Head 35-1438 PHO 10 

009 Exhaust Temp. Sensor xx50-1740 Alnor 4 

010 Flywheel Pickup 50-1728 Dynalco 3 

011 Control Air Press. Sen. 
Gas Hdr. Press. Sensor 
Gas Pressure Transmitter 

50-1700 Foxboro 1 

012 Water Temp. Sensor 
Air Temp. Sensor 
Gas Temp. Sensor 

013 Air Box Press. Sensor 

014 Exhaust Temp. Sensor 

015 D. P. Transmitter 

016 Power Supply, ECU 

017 Input Isolation Relay 

50-1715 ECI 

50-1705 Foxboro 1 

XX50-1740 Alnor 4 

50-2021 SMAR 1 

60-1996 ECI 1 

MIAC5 Gordos 10 

N47408-94-D-1038, DO-011, A002 
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Item Description Park Number Manufacturer Qtv 

018 Ouput Isolation Relay MODC5MA Gordos 10 

019 Cooling Air Filter, ECU PA-2002 Solberg 5 

020 Switch, VTS 80-2311 Fenwal 3 

021 Gas Cut Off Valve 
Main Gas Shut Off Valve 

90-2608 Sealco 1 

022 Rebuild Kit, GCOV, 
MGSOV 

3 

023 Gasket, Gas Supply 
Piping 

90-2669 FNW 5 

024 O'Ring, Gas Hdr. V137 Eriks 4 

025 Gasket, Load Block 90-2418 
(Modified Style) 

ECI 20 

026 O'Ring 230 Eriks 2 

027 O'Ring 238 Eriks 20 

028 Gas Hose Assembly 90-2515 ECI 4 

029 Fitting, GIV Air w/Filter 35-1470 ECI 5 

030 Magnet Valve 816-L 1 Graham White 1 

031 Gasket, Magnet Valve 1702 Graham White 1 

032 Press Control Valve VEP-321 Air 1 

033 Diode 8421017 EMD 4 

034 Shuttle Valve SV-10-B ARO 2 

035 Starting Fuel Canister 020-020 KBI 2 

036 Hose, Air Control FC-300-4 Aeroquip 50 ft 

037 Hose, GCOV to GFCV 90-2644 ECI 1 

N47408-94-D-1038, DO-011, A002 
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Item       Description Park Number       Manufacturer Qty 

038 Lead Wire, 3/16" 8245511 EMD 2 

c-io 
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Troubleshooting- Stationary Power 
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Troubleshooting- Stationary Power 
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